(]

W.e Pndoct Y 0T
Tosk é.f

Study of Sludge Management Alternatives

For Seven Counties
in the
Hudson Valley COASTAL ZONE
INFORMATION CENTER

October 31, 1986

HD New York State Environmental Facilities Corporation

ok 50 Wolf Road, Albany, NY 12205 / (518) 457-4100

Chairman Terence P. Curran, P.E., Executive Director



=
—
STUDY OF SLUDGE MANAGEMENT ALTERRATIVES
e 'FOR SEVEN COUNTIES IN THE HUDSON VALLEY/
NEW YORK STATE ENVIRONMENTAL FACILITIES CORPORATION
October 31, 1986
[

COASTAL ZONE
® INFORMATION CENTER
®

Heary G, Williams, Chairman
® Terence P, Curranm, P.E., Executive Director
Proporty of ¢4 Library

¢ ¥

Ry

- = U.S. DEPARTNENT OF COMMERCE NOAA

;}* \KQ = COASTAL SERVICES CENTER

N, 2234 SOUTH HOBSON AVENUE
o = ‘\\3 & CHARLESTON, SC 29405-2413

I~

o~

3

[AN

XI



STUDY OF SLUDGE MANAGEMENT ALTERNATIVES
FOR SEVEN COUNTIES IN THE HUDSON VALLEY

Prepared by:

Prepared for:

EFC Project Staff:

‘Funded by:

New York State Enviromnmental-Facilities-Corporation

- 50-Wolf Road

Albany, New York 12205

Dutchess County, Orange County, Putnam County,
Rockland: County, Sullivan:County, Ulster County,

"Westchester-County

-Terence P, Curran, P.E., Executive Director

Kenneth F. Malcolm, -Project Manager
Diana M, Hineheliff, Project €oordinator and Editor

-Special Assistance From:

Pickett T. Simpson, P.E.
‘Peter A. Marini, P.E.
-Marian J. -Mudar

J. Andrea-Estus

‘Mary Johnson Blass
‘Donna Melcher

‘The - Seven ‘Counties 'through :the Hudson Valley Regional
-Council
-New York State Department of- State

Partially funded by a grant from the
Office of Ocean and Coastal Resource Management,
National Oceanic and Atmospheric Administration

October 31, 1986



New York State Environmental Facilities Corporation
50 Wolf Road, Albany, N.Y. 12205 7 {518) 457-4100

Henry G. Williams
Charrman

Terence P. Curran, P.E.
Executive Director

October 31, 1986

TO: Members of the Hudson Valley Regional Council:
The Honorable Albert A. Favoino, Orange County, Chairman
The Honorable David D. Bruen, Putnam County
The Honorable James Gorman, Sullivan County
The Honorable John T. Grant, Rockland County -
The Honorable Louis Heimbach, Orange County
The Honorable Richard B. Mathews, Ulster County
The Honorable Andrew P. O'Rourke, Westchester County
The Honorable Lucille Pattison, Dutchess County

In accordance with contract No, D002960, I am pleased to provide
you with this study of sludge management alternatives for the counties
of Dutchess, Orange, Putnam, Rockland, Sullivam, Ulster and
Westchester. ' '

A number of comments were received on the draft report, after
a series of public hearings held by the counties. These comments have
either been incorporated into this final version or appended in
Section 8.

I would like to express my appreciation to the counties, the
Hudson Valley Regional Council and the New York State Department of
State for providing the funding for EFC to complete this very
important study. I hope it will lead to a permanent, long-term effort
to resolve the counties' sludge management problems through
cooperative action.

Terence P. Curran, P.E,
Executive Director



BOARD OF DIRECTORS
NEW YORK STATE ERVIRONMENTAL FACILITIES CORPORATION

Directors

Henry G. Williams (Chairman and C.E.O.)
Commissioner

- New York State Department of
Environmental Conservation

David Axelrod, M.D.
Commissioner
New York State Department of Health

Gail S. Shaffer
Secretary of State .
New York State Department of State

Joseph A, Cimino, M.D.
Professor and Chairman
Department of Community and
Preventive Medicine

Martin S. Baker, Esq. .
Rosenman Colin Freund Lewis & Cohen



TABLE OF CONTENTS

Letter of Transmittal

-Summary

SECTION 1.

SECTION 2.

SECTION 3.

INTRODUCTION

Background

Sludge Management in the Last Decade
Description of this Study

Scope of Work

EFC and NYSDEC Project Staff
Technical Task Group :

Task Group Activities

DATA COLLECTION AND ANALYSIS
Introduction

Difficulties with Collecting Data
Verification of Sludge Quantities

Sludge Management Inventory
Municipal Sludge Solids Concentration
Methods of Sludge Dewatering
Methods of Sludge Stabilization
Methods of Disposing of Sludge
Sludge Quality
Size of Treatment Plants in the Region
Treatment Processes Used by STPs
Industrial Flow to Treatment Plants

Septage Hauler Inventory
Septage Generation
Methods of Septage Disposal

Sludge and Septage Disposal Sites and Practices
Inventory ‘ .
Methods of Sludge and Septage Disposal by County

Population Projections -and ‘Future Waste Quantities

TECHNICAL ALTERNATIVES FOR SLUDGE MANAGEMENT
Introduction

Sanitary Landfill .
Requirements for Disposing of Sludge in a
Landfill '
Estimating the Cost of a Landfill for Sludge
Disposal '

11

20

22

30

33

33



Page

Composting - 36
Introduction
Requirements of the Composting Process
Composting Systems
Potential Uses of Compost
Safety and Health Aspects of Composting
Composting Facilities: Case Studies
Costs of Composting
Summary

Land Application 60
Introduction
Application Methods
Dual Utilization
Sludge Storage with Dual Utilization
Review of Recent USEPA-sponsored Studies
Potential for Implementation of Land Application
in the Seven County Region
Recommendations for All Counties

Ocean Disposal 72
Introduction
Process
Safety and Health Considerations
Additional Considerationms
Case Studies of Ocean Disposal

Thermal Reduction - 80
Introduction
Incineration
Multiple Hearth Furnace
Fluidized Bed Incinerator
Rotary Kiln Furnace
Co-Incineration of Sewage Sludge and Municipal Refuse
Pyrolysis and Starved Air Combustion
Sludge Characteristics and Thermal Reduction
Advantages and Disadvantages of Thermal
Reduction
Heat Treatment
Flash Dryers
Spray Dryers
Rotary Dryers

I

[



SECTION 4.

Indirect Heat Dryers
Toroidal Dryer
0il Immersion (Carver-Greenfield Process)
Solvent Extraction Dehydration (B.E.S.T.
System)
Thermal Reduction Case Studies: Carver-
Greenfield Process and Incineration
Summary

Considerations Common to Technical Alternatives

Introduction
Sludge Dewatering

Centrifuge

Experience with Centrifuges

Belt Press

Plate and Frame Filter Press

Air Drying

Vacuum Filter
Comparison of Dewatering Processes
Conclusions

Dewatering and Technical Alternatives
Transporting Sludge

‘Methods of Transport

Truck Transport

Transport by Pipeline

Barge Transport

Rail Tramsport

Cost Considerations for All Methods

Transfer Stations

Environmental Impacts of Transportation

‘Comparison of Costs for Sludge Management
. Alternatives

Other WastestreamS'Ceneratedxnuring,the Sewvage

‘Treatment Process

Grit

Floatable Solids
Screenings
Industrial Wastes

Review of Previous County:Engineering Reports

‘Recommending Technical -Alternatives

CURRENT REGULATIONS AND REGULATORY TRENDS RELATED
TO SLUDGE MANAGEMERT

Land- Application
Land Application Moratorium

Page

131

157

159

162

172

172



SECTION 5.

SECTION 6.

Sludge Composition

Heavy Metals and Toxic Organics
Pathogens

Miscellaenous Factors

Site Considerations

Management Considerations
Methods of Operation

Land Application Program Approval
Storage Regulations

Landfill
Present Situation
Future Policy

Composting
Present Situation
Future Policy

Ocean Disposal
Present Situation
Future Policy

Incineration
Present Situation
Future Policy

SITING SLUDGE MANAGEMENT FACILITIES

Acquiring Land

Cost of Acquiring Land

Facility Siting Criteria

Size of Sludge Facilities

Site Selection Process

Siting a Landfill for the Ash Residue from
Incineration

Host Community Incentives

Potential Sites

DEVELOPING, FINANCING AND IMPLEMENTING SLUDGE
MANAGEMENT PROGRAMS

Introduction

Procuring Services: for Sludge:Management -Projects
Procurement Guidelines
Bidding Procedures
Procurement Alternatives

Institutional Mechanisms for Sludge Management

"Projects

Introduction
Available Mechanisms

Page

180

181

184

185

194

213

213

1216



@

APPENDIX
APPENDIX
APPENDIX
APPENDIX

APPENDIX

APPENDIX
APPENDIX

APPENDIX
APPENDIX
APPENDIX
APPENDIX

APPENRDIX

APPENDIX
APPENDIX

APPENDIX

LIST OF APPENDICES

SCOPE OF WORK

DETERMINING SLUDGE QUANTITIES

IN-VESSEL COMPOSTING SYSTEM SUPPLIERS
SAFETY AND HEALTH ASPECTS OF COMPOSTING

CALCULATIONS FOR COSTS TO IMPLEMENT SLUDGE
MANAGEMENT OPTIONS

A PROCESS TO SIGNIFICANTLY REDUCE PATHOGENS
DECISION OF THE COMMISSIONER (LAND APPLICATION)

STANDARDS OF PERFORMANCE FOR SEWAGE TREATMENT PLANTS
(FEDERAL REGULATIORS)

STANDARDS OF PERFORMANCE FOR INCINERATORS (FEDERAL
REGULATIORS)

NATIONAL EMISSION STANDARD FOR MERCURY (FEDERAL
REGULATIONS )

PART 212: GENEBAL PROCESS EMISSION SOURCES  (NYS
REGULATIONS)

PART 219: INCINERATORS (NYS REGULATIORS)

PART 222: INCINERATORS~-NEW YORK CITY, NASSAU AND
WESTCHESTER COUNTIES (NYS REGULATIONS)

MUNICIPAL SOLID WASTE INCINERATION, REVISED DRAFT
OPERATING REQUIREMENTS (NYS REGULATIONS)

SUMMARY OF PROCEDURE FOR CONDEMNATION OF PRIVATE
PROPERTY



SECTION 7.

SECTIOR 8.

APPENDICES

Financing Sludge Management Projects
Public Mechanisms
Private Mechanisms
Public/Private Mechanisms

Revenue Sources and Grants
Introduction
Revenue Sources
Grants

RECOMMENDATIONS

Long Term Recommendations for Regionwide Sludge

-and Septage-Management

-General -Recommendations bf Alternative

Recommendations for Each County

PUBLIC COMMENTS

VOLUME I
Appendices A through O

VOLUME 1I
‘Computer Reports  for Sludge Management Inventory,
-‘Septage ‘Hauler-Inventory, and-Disposal Site
- Inventory

Page

- 221

234

239

239

241
245

256

L]



@

TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE

TABLE

10

11

12

13

LIST OF TABLES

VERIFICATION OF SLUDGE QUANTITIES
MUNICIPAL SLUDGE SOLIDS CONCENTRATION
METHODS OF SLUDGE DEWATERING

METHODS OF SLUDGE STABILIZATION
METHODS OF DISPOSING OF SLUDGE

SLUDGE QUALITY

SIZE OF TREATMENT PLANTS IN THE REGION
TREATMENT PROCESSES USED BY STPS
INDUSTRIAL FLOW TO TREATMENT PLANTS
SEPTAGE GENERATION

METHODS OF SEPTAGE DISPOSAL

SLUDGE AND SEPTAGE DISPOSAL SITES IRVENTORY

METHODS OF SLUDGE AND SEPTAGE DISPOSAL (TOTAL

FOR ALL COUNTIES)

METHODS OF SLUDGE AND SEPTAGE DISPOSAL BY COUNTY:

TABLE-

TABLE

TABLE -

TABLE

TABLE"

TABLE

TABLE

TABLE

14

15

16

17

18

19
20

2]

DUTCHESS COUNTY
ORANGE COUNTY
PUTRAM COUNTY
ROCKLAND COUNTY
SULLIVAN COUNTY
ULSTER COUNTY
WESTCHESTER COUNTY

POPULATION DATA: 1985
POPULATION PROJECTIONS: 2000

11
12
13
14
15
17
18
19
20
21
22

22

23
24
25
26
27
28
29

32



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

22

23
24

25

26

27

28
29

30
31

32

33

34

35

36

37

38
39

40

41

EXAMPLES OF PATHOGENS FOUND IR OR GENERATED DURING
COMPOSTING TOGETHER WITH HUMAN DISEASES ASSOCIATED
WITH THESE PATHOGENS

COST ANALYSIS OF COMPOSTING AT VARIOUS FACILITIES

SLUDGE AVAILABLE FOR LAND APPLICATION

HEAVY METAL CONCENTRATIONS IN SEPTAGE COMPARED TO
TECHNICAL DOMESTIC WASTEWATER SLUDGES

ACREAGE REQUIREMENTS FOR LAND APPLICATION

COMPARISOR OF COSTIS TO USE OCEAN DUMPING AT THE 106
MILE SITE FOR BOSTON, NEW YORK CITY AND WESTCHESTER

CO-INCINERATION FACILITIES IN THE UNITED STATES

TYPICAL CHEMICAL ANALYSIS OF CARBON AND MOISTURE-FREE
INCINERATOR RESIDUE

EP TOXICITY TEST RESULTS: OBSERVED CONCENTRATIONS
PROXIMATE ANALYSIS OF PYROLYSIS CHAR

HEATING VALUE OF TYPICAL RESIDUALS COLLECTED DURING
SEWAGE TREATMENT

COMPARATIVE HEATING VALUES OF PERTINENT FUELS

REPRESENTATIVE CHEMICAL ANALYSES AND HEAT CONTENTS
OF DRY REFUSE AND SEWAGE SLUDGE SAMPLES

HEAT RELEASED ON COMBUSTION OF REFUSE AND SEWAGE
SLUDGE

CARVER-GREENRFIELD DEHYDRATION WITH ENERGY ﬁECOVERY

SLUDGE CONCENTRATION PRODUCED BY CENTRIFUGAL
DEWATERING

TYPICAL DEWATERING PERFORMANCE OF BELT FILTER PRESSES

TYPICAL DEWATERING PERFORMANCE OF A VARIABLE VOLUME
RECESSED PLATE PRESSURE FILTER

EXPECTED DEWATERING PERFORMANCE FOR A TYPICAL FIXED
VOLUME RECESSED PLATE PRESSURE FILTER

COMPARISON OF DEWATERING PROCESSES

Page

46

59
67

69

70

74

90-93

97

98
102

103

104

105

111

127

136

140

145

146

150

1)



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

44

45
46

47

48

49

50

51

52
53

54

COSTS TO IMPLEMENT SLUDGE MANAGEMENT OPTIONS
COST PER TON FOR SLUDGE MANAGEMENT OPTIONS

PROJECTED QUANTITIES OF OTHER WASTESTREAMS FROM
THE SEWAGE TREATMENT PROCESS®

CONTAMINANTS REGULATED BY NYSDEC

SUITABILITY OF SOIL AND SITE CHARACTERISTICS FOR
SLUDGE APPLICATION

WASTE FEED RATES AND METHOD DURING TESTS ON CONRTRA
COSTA MULTIPLE HEARTH INCINERATOR

CURRENT BASIS FOR DETERMINING THE APPLICABILITY OF
THE NSPS TO INCINERATORS

SLUDGE MANAGEMENT FACILITY SITING CONSTRAINTS
SUMMARY OF PROCUREMENT PROCEDURES

INSTITUTIONAL MECHANISMS FOR SLUDGE MANAGEMENT
PROJECTS

Page

158
158

160

174

176

188

192

195
215

218-220

FINANCING MECHANISMS FOR SLUDGE MANAGEMENT PROJECTS 224-233

REVENUE SOURCES

SOURCES OF GRANTS

236

237-238



@

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE"

FIGURE-

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE-

10

11

12

13

14

15

16

17

18

19

LIST OF FIGURES

EFC SLUDGE QUALTITY EVALUATIOR CRITERIA
IRDIVIDUAL AERATED PILE
EXTENDED AERATED PILE

TYPICAL PROCESS FLOW: SCHEMATIC OF A CONFINED
COMPOSTING SYSTEM

TYPICAL SECTION: MULTIPLE-HEARTH DRYER

FLOWSHEET FOR SLUDGE INCINERATION IN A MULTIPLE
HEARTH FURNACE

TYPICAL SECTION OF A FLUID BED REACTOR

FLOWSHEET FOR SLUDGE INCINERATION IN A FLUID BED
FURRACE

CODISPOSAL SYSTEM-~PROCESS SCHEMATIC AND
MATERTALS BALANCE

CARBORUNDEM'S TORRAXR PYROLYSIS FACILITY

EFFECTS OF SLUDGE MOISTURE AND VOLATILE SOLIDS
CONTENT ON GAS CONSUMPTION

RECOVERABLE HEAT FROM COMBUSTION OF SEWAGE
SLUDGE

SLUDGE/REFUSE RATIO REQUIRED FOR SELF-SUSTAINING
COMBUSTION '

THERMODYRAMIC SYSTEM BOUNDARY ABOUT A TYPICAL
THERMAL PROCESSING SYSTEM

POUNDS OF WATER TO BE EVAPORATED FOR EACH POUND OF

DRY SOLIDS AS A FUNCTION OF THE PERCENT SOLIDS IN
THE SLUDGE

FLASH DBRYER SYSTEM
SCHEMATIC OF ROTARY DRYER

JACKETED HOLLOW--FLIGHT INDIRECT DRYER

ALTERFATIVES AVAILABLE FOR EXHAUST GAS DEODORIZATION

AND PARTICULATE REMOVAL

Page

16
41
42

44

81

83

84

85

88

100

107

108

109

110

113

114

116

117

118



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE-

FIGURE
FIGURE
FIGURE
FIGURE

FIGURE

FIGURE
FIGURE

FIGURE

- FIGURE

FIGURE-

FIGURE

FIGURE

20

21
22
23
24
25
26
27
28

29

30
31
32
33

34

35

36

SLUDGE DRYING SYSTEM USING THE JET MILL PRINCIPLE--
TOROIDAL DRYER

CARVER-GREENFIELD MULTI-EFFECT EVAPORATION PROCESS
FALLING FILM EVAPORATOR DETAILS

B.E.S.T. PROCESS FLOW SCHEMATIC

BASKET CENTRIFUGE SCHEMATIC DIAGRAM

SCHEMATIC OF TYPICAL SOLID BOWL DECANTER CENTRIFUGE
DISC TYPE CENTRIFUGE

THREE BASIC STAGES OF A BELT PRESS

BELT PRESS DEWATERING PROCESS

SCHEMATIC SIDE VIEW OF A RECESSED PLATE PRESSURE
FILTER

PLATE-FRAME FILTER PRESS
CONVENTIONAL LOW PRESSURE FILTER PRESS SYSTEM

TYPICAL SLUDGE DRYING BED CONSTRUCTION

'ROTARY DRUM VACUUM FILTER.

SUMMARY OF EMISSIONS TESTS ON THE CONTRA COSTA
MULTIPLE-HEARTH INCINERATOR

SUMMARY OF PARTICULATE EMISSIONS FROM TWO MUNICIPAL
REFUSE INRCINRERATORS

SLUDGE MANAGEMENT FACILITY SITE EVALUATION MATRIX

Page
119

121
122
124
132
134
135
138
139
141
142
144
147
149

190
191

197-201

i\

[N}

>



SUMMARY

The Hudson Valley has seen substantial growth in the last 10 years.
Accompanying residential, commercial and industrial development is
"resulting in increasing quantities of solid waste, sludge and septage
needing treatment and disposal.

Sludge and septage have not been considered a serious management problem in
most of the United States. Even today, many communities provide no or
marginal treatment, and disposal is intc convenient bodies of water or in
landfills.

Stricter regulations, particularly in New York State, are forcing
municipalities to plan for proper waste management, Previously, sludge
went to landfills for disposal along with garbage. The New York State
Department of Environmental Comservation's 1986 policy of forbidding new or
expanded landfills over principal aquifers will severely limit the number
of landfills available for both solid waste and sludge.

Likewise, as more emphasis is placed by New York State on cleaning up
contaminated waterways and waste dumps, both sludge and septage need to be
properly treated and disposed.

The Hudson Valley was particulary affected both by the more stringent state
regulations and by the closing of two sludge disposal facilities: one at
Stewart Ailrport operated by Monteco, and the Merion Blue Grass Sod Farm in
Orange County.

These closings created a crisis for municipalities which now have to send
their sludge and septage longer distances to disposal sites. It was this
situation which caused seven counties in the region to ask the New York
State Environmental Facilities Corporation to investigate alternatives for
managing their sludge and septage. These counties are: Dutchess, Orange,
Putnam, Rockland, Sullivan, Ulster and Westchester, They provided partial
funding for this study through the Hudson Valley Regional Council and by
offering in-kind services. The New York State Department of State provided
the balance of funds.

This study looks at five management alternatives and recommends the
applicability of each to the seven counties. In addition, it presents
in-depth analyses of data provided by the counties for sludge quantity and
quality, septage generation and disposal and disposal sites and practices
for both types of waste., The report describes the current regulations
applicable to the five alternatives and projects trends for regulatory
policy based on conversations with state and federal officials. Finally,
it presents information on developing and financing sludge management
projects, and makes three types of recommendations: general to all
counties, specific to each county, and by management alternative.



The following is a summary of the management and alternatives
recommendations., A complete discussion of recommendations may be found in
Section 7, . .

Management - Recommendations

1. The seven counties should take immediate action to develop a regional
sludge and septage management system.

2. The counties, by formal action of the county legislatures, should
establish a permanent regional sludge management task force. Membership
should include representatives of the counties and, where appropriate,
local goveraments, Membership should also include individuals with
technical competence and experience in sludge management.

3. The counties should consider retaining the Environmental Facilities
Corporation to provide technical management services to the task force,

4, The counties should engage the Hudson Valley Regional Council to
coordinate the activities of the task force.

Technical Recommendations

l. The seven counties should consider developing a regional integrated
management plan for sludge encompassing three alternative technologies:
incineration, land application, and landfill. One site could serve several
purposes, A minimum of 200 acres would incorporate an incineration
facility and a landfill. Land application, while a component of a
management plan, could take place away from the integrated site by using
active agricultural land. County studies have already identified a number
of potential sites for land application. The next step would be to proceed
with a detailed site selection process.

2. The amount of useful data presently available on the quality of sludge
in the region is limited, As quality and, more particularly, the presence
or absence of toxie materials is the major consideration for selecting
alternative methods of disposal, this data must be obtained without delay.
A regionally coordinated program should be instituted to provide necessary
sampling and laboratory analysis, A minimum of six months of data must be
included with an application to NYSDEC for a permit.

3. Land application of sludge is the preferred and least costly
alternative, However, its use is limited to sludge containing no toxic
materials. Land need not be acquired if cooperative agreements can be made
with farmers. The chief benefit of land application is that it provides
beneficial nutrients to the soil for non-food crops at no cost to the
growers,
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4, Incineration should be used for sludge containing toxic materials.

5. Composting of sludge holds promise for the future, EFC encourages the
counties to implement composting on a limited or pilot scale. The
composting project could be located at the regional integerated site.

6. Landfilling should be used only as a last resort and as a backup for
other optionms.

7. Ocean disposal of sludge, presently used by one STP in the region, the
City of Yonkers, is a low cost option. Ocean disposal could be considered
for disposal of additional sludge in the region, but the availability of
this option after 1991 cannot be predicted. USEPA policy is to grant a
permit only if no other viable altermative exists.

8. Septage should be managed regionally through a system of designating
specific STPs, on the basis of cost effectiveness and capacity to receive
septage. These plants should be modified to provide necessary additions to
treatment processes so that septage is not simply mixéd with incoming
sewage.
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SECTION 1. INTRODUCTION

Background

In the spring of 1985, the Merion Blue Grass Sod Farm (Sod Farm), located
near Middletown, and Monteco located at Stewart Airport, discontinued
operation as sludge management facilities. The closure of these facilities
left many municipalities in the Hudson Valley region without a disposal
alternative for the increasing quantities of sludge generated by sewage
treatment plants. The Sod ‘Farm and Monteco operations developed against a
background of limited available options for environmentally safe sludge
disposal. New solid waste regulatory criteria promulgated in 1981 led to
virtually all landfills in the region becoming ineligible for (New York
State Department of Environmental Conservation (NYSDEC) approval. 1In
addition, many smaller plants using septage disposal sites were prohibited
from this practice by the new solid waste regulations coupled with more
active enforcement,

The Monteco and Sod Farm operations sought to land apply sludge in
compliance with NYSDEC regulatioms, and these alternatives initially gained
wide acceptance in the region. As these facilities began to receive more
and more sludge and septage, their ability to handle these residuals in an
environmentally acceptable manner became severely taxed. The Stewart
Airport Commission forced Monteco to close for lease violations, and the
Sod Farm was shut down by NYSDEC for contravention of groundwater
standards.

The near simultaneous closure of these facilities created a crisis
situation in the region: sludge could not be removed from sewage treatment
plants and homeowners could not get their septage tanks pumped. Both of
these solid waste situations can have long range and serious ramifications
to the quality of ground and surface waters if not promptly resolved.

In 1985, seven counties in the Hudson Valley--Dutchess, Orange, Putnam,
Rockland, Sullivan, Ulster and Westchester—-realized the severity of the
sludge and septage disposal problem in their region and asked the New York
State Environmental Facilities Corporation (EFC) to do a study of regional
sludge management alternatives.

The counties, through the Hudson Valley Regional Council (HVRC), their
official intergovernmental agency, contributed $35,000 in funds and $30,000
of in-kind services to the study. The New York State Department of State
provided an additional $35,000 of coastal management monies,

The New York State Environmental Facilities Corporation which carried out
this study, is a state public benefit corporation with extensive experience
in planning, designing, financing, constructing, maintaining, operating,
and providing advisory services to municipalities for pollution control
projects. EFC's projects include wastewater treatment works and collection



systems, air pollution control facilities, water management facilities,
storm water collection systems, and solid waste management facilities for
resource recovery and industrial hazardous waste treatment, storage and
disposal. EFC also provides loans, through the sale of its tax—-exempt,
speclal revenue bonds, to private industry to finance pollution control and
solid waste management projects, Under another program, EFC assists
industry in the reduction, reuse and recycling of industrial and hazardous
wastes.,

The Hudson Valley Regional Council formed in 1978, is the official
intergovernmental agency serving the counties of the Hudson Valley. 1Its
representation includes the county executives and county legislative
chairmen plus at least one other publicly elected official from the seven
counties. ‘

Sludge Management in the-Last Decade

An unprecendented level of sewage treatment plant (SIP) coastruction
occurred over the last decade, initiated by the federal Water Pollution
Control Act of 1972 and aided by a federal construction grants program
which provided fuanding up to a maximum of 75 percent of eligible project
costs, New York State funded an additional 12 1/2 percent, bringing the
maximum funding level to 87 1/2 percent of eligible project costs. In
addition, state and federal laws mandated secondary and, in some cases,
tertiary treatment levels to achieve water quality goals. This construction
activity has redirected a continually increasing wastestream from the
natural environment into the controlled environment of the sewage treatment
plant.

Essentially, a sewage treatment plant separates wastewater into waste
solids (sludge) and water, its basic components. Its ultimate function is
to prevent the contamination of surface and groundwaters and avoid public
health, environmental and aesthetic consequences of water pollution. A
properly operating STP removes approximately 85 percent of pollutants and
discharges a relatively clean effluent., The residual material, sludge,
must then be managed in a manner that does not permit its uncontrolled
reentry into the environment,

While increased awareness of surface water contamination stimulated STP
construction, adequate approaches to proper disposal of increasing amounts
of sludge have lagged. Currently, firm plans for sludge disposal are
required by regulatory agencies during the facility development stage of
STP projects. In the past, however, disposal of sludge, a solid waste, was
not recognized as a significant problem, and co-disposal with other solid
waste streams, generally at local landfills, was taken for granted. As
sludge quantities increased, ultimate disposal of this material presented
problems that stimulated research to develop acceptable disposal strategies
and techniques. The disposal problems, also, prompted an increasing number
of laws and regulations. Now, the implementation of solid waste disposal
options has significantly lagged behind the generation of sludge because:

[}
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) appropriate regulations have only recently been developed

° the extensive level of environmental safeguards dictated by
New York State and federal regulations contribute to the high
cost of sludge disposal projects

. funding programs have not been available to stimulate project
construction.

‘Description of this Study

This study presents the following information:

® An inventory of municipal sludge and septage in the seven county
region
° A projection of additional sludge generation in the region based on

present and projected population

. An overview of current and planned sludge management activities in the
region

. Specific recommendations for alternative management technologies

® Recommendations for funding mechanisms available to construct and

operate future facilities

] Recommendations for potential regional locations for
sludge management facilities

. Evaluation of the cost and benefits associated with each
recommendation,
Scope of Work

The contract with HVRC and the Department of State (DOS) requires that EFC
perform specific tasks:

A. Prepare a written report containing:

e Existing data on the quantity and quality of sludges and domestic
septage ’

e A description of existing reports and studies prepared for the
counties

e Population and transportation data

e Information about present and planned sludge disposal methods
in the seven counties '



e Information on major sludge treatment and disposal technology
alternatives: land based (composting, land application, landfill)
thermal reduction and ocean disposal

e Information about existing and former sludge and septage
management sites

e A discussion of existing and potential grants and other prospective
sources of funding, and financial and technical assistance

o Legal, financial and institutional mechanisms for alternative
management approaches

o A description of current federal and state regulations and
potential trends for the future

o Criteria for siting specific types of management facilities.
B. Provide technical assistance by:

e Meeting with county, HVRC and Department of State representatives
each month

e Assisting with press releases and public participation, including
public information meetings on the contents of the report

e Coordinating with USEPA, Department of State, New York State
Department of Enviroonmental Conservation, county and other
state agencies to obtain their input

® Meeting with the New York State executive department and members of
the legislature.

The complete Scope of Work is described in Appendix A.

EFC and NYSDEC Project Staff

‘Terence P, Curran, P.E., Executive Director had overall project management
responsibility for EFC. Administration was provided by Pickett T. Simpson,
P.E., Manager of Hazardous Waste Programs and Diana M., Hincheliff,
Executive Assistant to Mr., Curran. Ms. Hinchcliff edited this report.,
Kenneth F. Malcolm was the project manager with day~to-day responsibility
for implementation. Peter A, Marini, P.E., Marian J. Mudar and J. Andrea
Estus assisted with writing sections of the report. William H. Holmes,
President, Holmes Brothers, Inc., William B. Pressman, P.E., and Joseph E.
Silber, P.E. provided consultant services. Mary Johnson Blass typed the
many drafts and the final report assisted by Donna Melcher.
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NYSDEC officials participated actively in the task group by attending many
of the group meetings as well as by reviewing draft sectiouns of this report
for regulatory accuracy. NYSDEC was particularly helpful in providing data
in addition to that furnished by the counties, and offering suggestions for
project implementation. Thomas Easterly, P.E., Section Chief, Division of
Solid and Hazardous Waste, Albany, and Edward Cassidy, P.E., Solid Waste
Engineer, Region 3, were especially helpful.

Technical Task Group

To provide EFC with adequate information about regional and local problems
as well as technical experience, one technical represenative from each
county plus a project auditor from the Hudson Valley Regional Council were
appointed to a task group. County members were:

DUTCHESS COUNTY Robert Vrana, Commissioner
Solid Waste Management

ORANGE COUNTY Matthais Schleifer, Assistant Commissioner
Health Department

PUTNAM COUNTY Anne Bittner, Assistant Public Health Engineer
Division of Environmental Health Services

ROCKLAND COUNTY Charles Stewart, Executive Director
Rockland County Sewer District No.l

SULLIVAN COUNTY John Fink, Engineering Supervisor
Department of Public Works

ULSTER COUNTY Dean Palen, Director of Environmental Sanitation
Health Department

WESTCHESTER COUNTY Peter Eschweiler, Commissioner
Department of Planning

HUDSON VALLEY Hildegard Frey
REGIONAL COUNCIL Economic Development Coordinator

Additional representation was provided by the counties where it was
appropriate for a specific purpose.

Task Group-Activities

The task group initially focused on providing basic data on sludge and
septage generation and disposal practices for EFC staff to use in
developing computer programs to characterize the present situation. This
information was used by EFC to forecast the future and develop disposal
options possible under assumed conditions.



Monthly meetings were held at various locations in the study region. These
meetings provided an opportunity for discussion of the data submitted by
the county representatives as well as a forum for discussion of EFC's use
of this data, and the conclusions, in terms of available options, that the
data yielded.

Midway through the study period, the meetings focused on specific disposal
alternatives. Generally, these meetings were highlighted by EFC's informal
presentation of a disposal option, composting, for example, followed by a
discussion among all present. Draft sections of the report were
distributed and copies mailed to those not in attendance, with the request
that the material be reviewed and comments returned within a prescribed
time. The comments were then incorporated into the evolving report.

To aid in its deliberations, the task group visited the Glen Cove, Long
Island, resource recovery project where sludge is co-incinerated with
municipal solid waste for heat recovery and electricity generation, and the
Hoboken, New Jersey plant, where an oxyozosynthesis* process is used to
stabilize sludge.

* Oxyozosynthesis is a stabilization process using oxygen and ozone which
results in a highly dewaterable sludge.



SECTION 2. DATA COLLECTION AND ANALYSIS

Introduction

Three computer programs were developed during this study to collect and
evaluate data provided by the counties. This data yielded three
inventories: sludge inventory, septage hauler inventory and disposal site
inventory. The Sludge Management Inventory contains information about the
sludge generated by sewage treatment plants in the region including
quantity, quantity flows and processes. The Septage Hauler Inventory
presents names of haulers, disposal site locations and quantities hauled.
The Disposal Site Inventory provides names of disposal sites, quantities of
refuse, sludge and septage disposed of annually at the sites, methods of
disposal and sizes of the sites.

Difficulties With Collec ting Data

Sufficient data to adequately characterize the quantity and quality of
sludge and septage is not presently available from the generators in the
area addressed by this study. EFC believes this is consistent with the
situation throughout New York State as well as the United States as a
whole,

This absence of critical data results from: a) the lack of regulatory
requirements, and b) little or no awareness at the municipal planning level
of the importance to proper sludge management of accurate data. Effluent
at sewage treatment plants is monitored closely because of regulatory
emphasis on water quality, but attention to solid waste generated by
wastewater treatment is a lower priority. Without a regulatory mandate or
a change in perception on the part of municipalities, this situation is
likely to continue.

The inconsistency of the data does not allow EFC to estimate sludge quality
for this report with any degree of confidence. Neither is it possible to
be specific about the size of sludge management facilities nor to determine
appropriate equipment needs.

EFC encountered some common problems while attempting to obtain data:

1. Most STPs do not maintain a proper accounting of sludge quantities
removed from municipal sewage treatment plants. Quantities
removed for disposal should be characterized in terms of dry tons.
While a plant does not dispose of dry tons of sludge, per se, this
is a common denominator when considering management options and may be
readily calculated if accurate records are kept in terms of gallons
or cubic yards and percent solids or total solids. This is especially
a problem with the smaller facilities (less than one million gallons
per day).



With a few exceptions, analyses for sludge quality (heavy metals,
toxics, potential plant nutrients, and heating values) are not done
with a frequency that would adequately characterize these parameters
for a given residual. When EFC reviewed the data supplied by the
counties (Table 1), many plants kept no information and others had
conflicting data. Periodic analyses conducted over a period of time
(at least six months) would be necessary to accurately determine
sludge quality. Because of the high level of concern for
environmental quality reflected by tight regulatory controls,
specific sludge management planning efforts cannot go beyond the
theoretical stage without adequate quality data.

A substantial percentage of the sludge generated in the region
contains high levels of copper. 1In some cases the sources of copper
have been investigated but have not been found. Industrial discharges
do not seem to be the source of this contaminent. Suggested sources
are high background levels of copper in water supplies or extractiom
of copper from plumbing systems by corrosive action, As sludge
contaminated by copper or other restricted substances severely limits
disposal options, EFC recommends that the source of this problem be
determined and an approach developed that will either eliminate or
provide proper disposal of the contaminent from the waste stream.

The spectrum of sludge disposal alternatives includes land
application, landfilling, composting, incineration, and ocean
disposal. Contaminated sludge, i.e. exceeding New York State
Department of Environmental Conservation guidelines, cannot be applied
to land or composted. As long as the sludge cannot be classified

as a hazardous waste, it may be landfilled, although landfill space

is limited and new regulations make landfills a costly option,

While ocean disposal is not restricted to sludge of a certain quality,
the fate of this option after the current five year interim review
period is uncertain. Ocean disposal may be discontinued altogether
or new criteria may be developed for sludge quality. At this point,
the best alternative for disposal of a contaminated sludge appears to
be incineration, However, air quality standards for incinerating
sludge are in a state of flux and a concentration of contaminents in
incinerator ash can create additiomal disposal considerations.

Sludges containing contaminents will face more and more restrictions
and have fewer and fewer disposal options. Presently, the most
prudent course of action appears to be removal of the contaminents
from the waste stream by means of pretreatment programs or other
methods.

[
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Verification of Sludge-Quantities

While reviewing data submitted by the counties, EFC noticed apparent
inaccuracies in sludge quantities reported. A method was needed by which
to determine what actual quantities ought to be. The current literature
was reviewed in an effort to find a factor, or multiplier, by which actual
quantities could be estimated (see Appendix B). Based on available
information, a factor of 0.692 dry touns/million gallons (dt/mg) was used.
This fctor was multiplied by the daily dry flow of a sewage treatment plant
(STP) times 365 days/year as in this example:

0.692 dt/mg X 9 mg (dry flow) X 365 days = 2,273.22 Dry Tons
yr yr

This verification calculation was made for the data submitted for each STP
as well as for each county's total and the grand total for all counties,
The difference between reported and calculated values was computed, as well
as a "reliability factor"™ (F) of reported vs. calculated. A reliability
factor of 1 would indicate agreement in reported and calculated values; 0.5
would indicate one-half the quantity calculated was reported; 2.00 would
indicate twice the quantity calculated was reported, and so on. A summary
of these calculations is shown in Table 1.

TABLE 1

‘Verification of Sludge Quantities
(all quantities are in dry tomns/year)

Calculated Reported Difference F

DUTCHESS 3,620 3,289.4 +  330.6 .91
ORANGE 5,670 4,864.9  + 825.1 .85
PUTNAM 402 204.5 & 107.5 .73
ROCKLAND 7,800 5,464.7 + 2,335.3 .70
SULL IVAN 1,803 1,726.6 v 76.4 .96
ULSTER 2,284 1,360.3 + 923.7 .60
WESTCHESTER 31,540 18,727.0 +12,813.0 .59

GRAND TOTAL 53,119 35,707.4 +17,411.6 - .67



Although Dutchess and Sullivan counties show close agreement between

reported and calculated values, individual differences within those -

counties are sometimes substantial. This indicates some STPs overestimated
while others underestimated quantities generated.

EFC realized early that this situation was occurring and held lengthy
discussions with county techical representatives at monthly meetings. In
an effort to get data with a higher reliability factor, copies of each
county's data were distributed to each representative for verification.
The figures above reflect that effort.

This situation creates a data reliability problem which is especially
critical when sludge quality is considered. Incorrect quantities or
proportions of clean to contaminated sludges may lead to unjustifiably
favoring one management alternative over another.

The reader should consider all data presented in this section and
throughout this study as approximate. As the seven-county region
encompasses 154 treatment plants, 76 disposal sites and 86 septage haulers,
a case-by-case analysis to verify data was obviously not practical
considering the conmstraints of time and available funding.

EFC recommends that the counties develop -programs to monitor sludge
quantity -produced at each STP; quantities  of septage generated in each
- -county, quantities of sludge and: septage deposited-at all disposal sites
- within the region, and sludge quality at all STPs (heavy metal
concentrations and EP toxicity). An appropriate routine testing schedule
should ‘be developed based on .the findings of the- initial analysis and the
‘size of the facility. Such analyses should-be conducted at least once per
‘year,
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SLUDGE MANAGEMENT INVENTORY

Municipal-Sludge:Solids-Concentration

Sewage treatment separates the components of sludge: solids and liquid
water, The water is used merely as a means to transport the waste from the
point of origin to the sewage treatment plant., The normal solids
concentration in wastewater is on the order of 200 parts per million (ppm)
or 0.02 percent. Effective wastewater treatment will increase this
concentration to approximately 20 percent. The 20 percent solids
concentration 1s a minimum for sludge to be accepted at a landfill, for
cost-effective composting, and for cost-effective incineration.

As shown in Table 2, approximately two-thirds of the 'sludge presently
generated does not meet the minimum of 20 percent solids. Seventy-five
percent of the STPs in the region cannot dewater sludge to this minimum
level.

TABLE 2

Number of Percent of Number of Percent of
_STPs Total STPs Tons* Total Tons
> 20% Solids 50 26 - 13,113 37
< 20% Solids 114 14 22,594 63
TOTALS 154 100% 35,707 100%
* Tons are in dry tons
2 greater than or equal to
< less than
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Methods of Sludge-Dewatering

‘Sludge is dewatered to reduce transportation costs from the STP to the
ultimate disposal site as well as to provide enhanced opportunities for
disposal. Presently, the only disposal options for liquid sludge are land
application or ocean disposal. All other major disposal alternatives —-
landfill, composting, incineration--require some dewatering.

Table 3 enumerates the types of dewatering equipment used in the region,
their frequency of usage, and the amount of sludge they dewater. The
information in this table may be considered an inventory of dewatering
equipment in the region. The type of dewatering equipment is generally a
major determining factor in solids concentration or sludge drying
capability. For example, if an incineration alternative is considered and
the process selected requires a 25 percent solids councentration (75 percent
moisture), some idea of the capability of meeting this requirement can be
obtained by consulting this inventory.

The most significant factor revealed by the sludge dewatering inventory is
that 43 percent of the sludge generated in the region 1s not dewatered.
Sludge which is not dewatered has limited disposal potential as well as the
potential for creating an extra cost burden if significant transportation
is necessary.

TABLE 3
Number of Percent of Number of Percent of
Method STPs Total STPs Tons* Total Tons
Vacuum Filter 9 6 10,472 29
Centrifuge 8 5 3,828 il
Air Drying 41 27 2,443 ) 1
Belt Press 6 4 1,810 5
Filter Press 3 2 1,557 4
Sludge Lagoon 1 1 220 1
Vacuum Drying Beds 1 1 67 1
Total Dewatered 69 467 20,397 58%
Not Dewatered 85 54% 15,310 42%
TOTALS 154 100% 35,707 100%

* Tons are in dry tons

12
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Methods of Sludge Stabilization

Sludge stabilization reduces the organic material present in sludge which
in turn reduces the potential for odors. Stabilization, in addition,
significantly reduces the number of possible disease-causing agents
(pathogens) to acceptable levels. Depending on the ultimate use or
disposal method of the sludge, a process to further reduce pathogens may be
required (see Section 3 for more informationmn).

An inventory of the sludge generated in the region based on the
stabilization methods employed is provided in Table 4. This will help
determine the suitability of a sludge for a particular disposal method. Of
particular interest here is that 30 percent of the sludge generation sites
(STPs) which account for 18 percent of the sludge generated have no
stabilization process. Unstabilized sludge may not be landfilled or land
applied, but may be composted, ocean disposed, or incinerated.

TABLE &4
Number of Percent of Number of Percent of
Method STPs Total STPs Tons* Total Tons
Stabilized
Anaerobic Digestion 51 - 33 18,326 51
Lime Addition . 6 ' 4 5,051 14
Aerobic Digestion 46 30 2,929 8
Zimpro+ ' 1 1 3,080 -9
Air Drying ’ 4 3 209 1
Total Stabilized 108 - 71% 29,595 837
Not Stabilized 46 29% 6,112 17%
TOTALS 154 1002 35,707 100%

+ Zimpro is a wet air oxydation system used only at one site in New
Rochelle, Westchester County.

* Tons are in dry tons
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Methods of Disposing of -Sludge

Table 5 characterizes present methods employed by STPs in the region to
dispose of sludge.

Ocean disposal accounts for the majority of sludge disposed in the region,
The Yonkers plant, producing about one—third of all sludge in the region,
uses this method. Composting, land application and other methods account
for a very small proportion of sludge disposal.

TABLE 5

Number of Percent of Number of Percent of

Method STPs Total STPs Tons* Total Tons
Ocean Disposal 3 2 12,615 35
Incineration 8 -5 9,852 28
Landfill 45 29 10,688 29
Land Application 11 7 412 1
Scavenger Hauling+ 62 40 649 2
Composting 10 7 947 3
Stockpiled on Site+ 7 5 349 1
Treatment Lagoon 6 4 195 1
Other . 2 1 0 0
TOTALS 154 100% 35,707 . 100%

+ Although stockpiling and scavenger hauling are not disposal methods, per
se, these quantities are included for accounting purposes.

* Tons are in dry tous

14
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Sludge Quality

For purposes of this study, EFC has assigned letters designating certain
levels of sludge quality based on the level of contamination present.
Basically, "A"-rated sludge may be considered clean, "C"-rated sludge is
contaminated (land application or composting options are prohibited), and
"D"-rated sludge is somewhat contaminated and may be used with certain
restrictions. See Figure 1 (page 16) for specific quality guidelines.
Quality limits occur in NYSDEC regulations for land application and
composting. These quality limits are used to provide some relative criteria
for evaluating disposal alternatives. Currently, no contaminent limits
exist for incineration or ocean disposal, Landfill limits for sludge
disposal are based on hazardous waste regulations, i.e. sludge that does
not exceed hazardous waste limits may be landfilled. No sludge analysis
reviewed during the course of the study exceeded hazardous waste limits.

Approximately 70 percent of the sludge generated in the region is analyzed
to some degree for quality. However, as previously mentioned, consistent
schedules of analysis are not maintained by the STPs, making accurate data
evaluation impossible. Nineteen percent was rated "A", 8 percent of the
sludge was rated "C", 42 percent was rated '"D",

TABLE 6

Number of Percent of Number of Percent of

Rating STPs Total STPs Tons* Total Tons
Rated

A : 22 14 6,596 19

c 11 7 2,873 8

D 18 : 12 15,026 42

Total Rated 51 33% 24,495 697

‘No Rating 103 67% 11,212 31%

TOTALS - 154 100% 35,707 1007%

* Tons are in dry toaus
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A-Rated

C-Rated

D-Rated

Figure 1

EFC SLUDGE QUALITY EVALUATION CRITERIA

Acceptable Quality for Land Application

or Composting of Sludge

Metal content below DEC guidelines as contained in

"Solid Waste Management Facility Guidelines" (5/81).

Less than 10 parts per million (ppm) PCB concentratiom,
Has not been subjected to chlorine oxidation process,
Negative EP Toxicity analysis.

Requires process to significantly reduce pathogens (PSRP).

Toxic Prohibition - Not Acceptable for Land Application

or Composting

Metal content more than twice NYSDEC guidelines.
Greater than 10 ppm PCB concentration.’
Sludge treatment by chlorine oxidation system.

Positive EP toxicity analysis.

Acceptable for Use on a Dedicated Site Only

All criteria in "A" are met with exception of metal
concentration,

Metal content between 1 and 2 times NYSDEC guidelines.

NYSDEC variance required,

16
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Size of Treatment Plants-in the Region

This inventory was prepared to provide a perspective on the size of
treatment plants relative to the relative quantity of sludge generated.
The amount of flow for which a sewage treatment plant is designed is
generally based on population estimates in the wastewater service area plus
the specific amounts of sludge which significant industrial and commercial
dischargers will send to the plant.

Design flow analyses indicate that although 77 percent of the plants in
this region treated less than 1 million gallons/day (mgd) of sludge, they
accounted for only six percent of the sludge produced. One plant (Yonkers)
accounts for almost one-third of the sludge produced in the region. Plants
greater than five mgd (10 percent of the total number) account for 75
percent of the sludge produced.

TARLE 7

Number of Percent of Number of Percent of

Plant Size STPs Total STPs Tons* Total Tons
<1 mgd 118 76 2,200 : 6
1-5  mgd 22 14 6,850 19
5-10 mgd 9 6 9,984 28
10-50 mgd 4 3 5,745 16
> 50 mgd ‘1 1 10,928 31
TOTALS 154 100% 35,707 . 100%

> greater than
< less than

* Tons are in dry tons
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Treatment Processes Used by STPs

The activated sludge process is predominant im this region and is used at
plants generating 71 percent of the sludge. Fixed media systems (trickling
filters and rotating biological contactors) are used for over one-fifth of
the sludge generated. All other processes account for only nine percent of
the total sludge generated.

TABLE 8
Number of Percent of Number of Percent of
Process STPs Total STPs Tons# Total Tons
Activated Sludge 65 42 25,807 72
Fixed Media 51 33 7,183 20
Primary Treatment 12 8 2,411 7
Septic Tank 20 13 103 1
Other 6 4 204 1
TOTALS 154 100% 35,707 100%
* Tons are in dry tons
18
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Industrial Flow to Treatment Plants

Industrial flow information provides some indication of present and future
potential for an impact on sludge quality from industrial discharges. The
data displayed in Table 9 shows that while only 24 percent of the STPs
receive industrial flow, these facilities account for 86 percent of the
sludge generated. Thus, the potential for industrial contamination is high,
However, only a small percentage of the STPs' total flow is industrial,
making surveillance requirements manageable.

TABLE 9

Industrial Flow

as a Percent of Number of Percent of Number of Percent of
Total Flow STPs Total STPs Tons* Total Tons
1-5% . 17 11 21,400 60
5-10% 3 2 984 3
10-20% 7 5 2,062 6
20% + 9 6 6,000 17
Total Industrial Flow 36 24% 30,446 86%
‘No Industrial Flow 118 767% 5,261 14%

TOTALS 154 100% 35,707 100%

* Tons are in dry tons
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SEPTAGE HAULER INVENTORY
Septage Generation

No analyses of septage solids concentrations could be provided by the
counties, USEPA studies indicate that four percent is an appropriate
concentration to use when designing facilities. However, EFC's studies
showed a high variability for the four percent parameter when using it to
balance reported quantities received and disposed. EFC's investigations
led to its conclusion that septage concentrations in the region were
apparently about two or two and one-half percent rather than the four
percent suggested by USEPA, The dry tons calculated here reflect an
average value of 2.4 percent.

TABLE 10
Number of Haulers: - 86
Total Quantity: 73,000,000 gallons*
Total Dry Tons: 10,592+
Solids Concentration: 2.4 percent (average)

* Information supplied by septage haulers
+ GCalculated by EFC based on quantity information from haulers

20
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Methods of Septage Disposal

Approximately one~quarter of the septage generated in the region is hauled
to sewage treatment plants for further treatment and disposal. The
majority of this material is discharged to the Yonkers plant via the
"Hawthorne Manhole". Approximately 28 percent is composted by a single
hauler. Land application accounts for 12 percent of septage disposal
regionwide.

TABLE 11
Number Percent Number of Percent Number Percent
of of Tot. Gallons of Tot. of of Total
Method Tons* Tons (Million) Gallons Haulers Haulers
Land
Application 1,220 12 7.315 10 10 12
Composting 3,002 28 18.000 25 1 1
At Treatment 2,506 23 24.510 34 ' 50 58
Plant
Lagoon 601 6 3.600 5 10 12
Subtotals: 7,329 . 69% 53.425 747 71 83%
-No Method Given 3,263 31% 19.575 26% 15 17%
TOTALS 10,592 100% 73.000 100% 86 100%

* Tons are in dry tons
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SLUDGE AND SEPTAGE DISPOSAL SITES AND PRACTICES INVENTORY

EFC took an inventory of sludge and septage disposal sites and practices to
define the present situation in the seven county region. Table 12 gives an
overview of sludge and septage disposal. Table 13 display sludge and
septage disposal practices for the region as a whole. Tables 14 through 20
show the same information for each county separately. Information about
specific disposal sites has been given to each county by EFC.

TABLE 12

SLUDGE AND SEPTAGE DISPOSAL SITES INVENTORY

Numer of Sites: 90
Total Septage Disposal: 7,200 dry tons/year
Total Sludge Disposed: 34,122 dry tons/year

Total Sludge and Septage: 41,322 dry tons/year
(This data provided by the counties)
TABLE 13

METHODS OF SLUDGE AND SEPTAGE DISPOSAL
(Total for All Counties)

Number of Percent of Number of  Percent of
Method Tons Total Tons ' Sites Total Sites
"OCEAN DISPOSAL 14,076 34 1 1
LANDFILL 10,686 26 Y 42
INCINERATION 10,107 24 5 6
~ COMPOSTING 2,764 7 4 4
LAGOON 2,141 5 - 22 24
TREATMENT PLANT 715 2 4 4
LAND APPLICATION 816 2 ' 12 13
TRANSFER STATIONS* 0 0 5 6
TOTALS 41,322 100% 90 100%
* Transfer stations accept only refuse at this time. If properly

equipped, transfer statioms could accept sludge and septage. However,
these stations are not ultimate disposal sites but only convenient
collection locations to make tramsportation more economical. Only Dutchess
County supplied information on transfer stations. This information from
the other counties is necessary to plan future disposal alternatives.

22
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Methods-of Sludge-and.Septage Disposal by County
DUTCHESS COUNTY

All disposal options considered in this study are used by Dutchess with the
exception of ocean disposal. This is a somewhat unique situation as most
counties use only two or three options. Using several, small-scale options
could prove helpful to Dutchess and the other counties in considering
future disposal activities because it is easier to expand existing
operations than to create new ones.

TABLE 14
Number of Percent of Number of Percent of
Method Tons* Total Tons Sites Total Sites
OCEAN DISPOSAL o 0 | 0 0
LANDF ILL 1,515 21 13 45
INCINERATION 1,885 25 ‘ 2 7
compos*r'mc 2,252 31 : 1 4
LAGOON 851 12 3 11
TREATMENT PLANT 608 8 1 4
LAND APPLICATION 183 3 3 11
TRANSFER STATIONS 0 0 5 18
TOTALS 7,294 looz 28 100%
Total Sludge: 3,284 28 sit;'s

Total Septage: 4,010

* Tons are in dry tons
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ORANGE COUNTY

Most sludge in Orange is sent to the Orange County Landfill. A small
amount is lagooned with septage at a few sites but this practice does not
qualify for a permit under NYSDEC regulations. Land application is
practiced at three sites using septage alone.

Method

OCEAN DISPOSAL
LANDFILL
INCINERATION
COMPOSTING
LAGOON
TREATMENT PLANT
LAND APPLICATION

TOTALS

TABLE 15
Number of Percent of Number of  Percent of
Tons* Total Tons Sites Total Sites
0 0 0 0
3,930 79 5 29
0 0 0 0
0 0 0 0
781 16 9 53
0 0 0 0
225 5 3 18
4,936 100% 17 100%

Total Sludge: 4,038 tons1
Total Septage: 898 tons

* Tons are 1in dry tons

In addition ‘to the 4,038 dry tons of sludge shown above, Orange
County reports that 415 dry tons are being held or disposed of on-site and
45 dry tons are being transported to New Jersey.

As specific disposal site informatiom was not provided for Orange
County septage, the following information was provided by the county and is

included here at its request:

Disposal Site Type

STP
Lagoous
Land Application

Composting (Dutchess County)

Septage Quantity (Dry Tons)
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PUTNAM COURTY

As most of the sludge generated in Putnam is sent out of the county for

® disposal, and most of the septage is transported by out-of-county haulers,
it is difficult to match the quantities of septage generated with the
sludge disposed in the county. Malcolm Pirnie, in a 1981 report, estimated
that about 315 .tons of sludge and 666 tons of septage (4.7 million gallonms
at 3.4 percent solids) are generated within the county.

® Most septage in the county is disposed in the ocean. The Cold Spring plant
disposes of air dried sludge at the Phillipstown Landfill,

TABLE 16
o
Number of Percent of Number of  Percent of

Method Tonsg* Total Tonms Sites Total Sites
OCEAN DISPOSAL 0 0 ) 0 0

® LANDFILL 26 | 20 4 44
INCINERATION 0 0 0 0
COMPOSTING 0 0 0 Qo

o LAGOON+ | 0 0 2 23
TREATMENT PLANT 107 80 3 33
LAND APPLICATION 0 0 0 0

® ' TOTALS 133 100% 9 100%
Total Sludge: 130 tons
Total Septage: 3tons

° + There are two closed lagoon sites in the county.
* Tons are in dry tons

@

@
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ROCKLAND COUNTY

Rockland uses incineration at the Orangetown STP to dispose of just over
half the sludge generated in the county. Forty-three percent goes to the
Haverstraw Landfill. A small site located in Ramapo applies to land
approximately 200 tons per year of sludge.

The majority of septage generated in Rockland is ocean disposed or goes out
of state to the Parsippany Landfill in New Jersey.

TABLE 17
Number of Percent of Number of  Percent of

Method Tons* Total Tons Sites Total Sites
OCEAN DISPOSAL 0 0 0 0-
LANDFILL 2,453 43 ' 1 33.33
INCINERATION 3,021 53 1 33.33
COMPOSTING 0 0 0 0
LAGOON 0 0 0 (]
TREATMENT PLANT 0 0 0 0
LAND APPLICATION 200 4 o1 33.33

| TOTALS 5,674 100% 3 100%

Total Sludge: 4,455 tons
Total Septage: 219 tons

* Tons are in dry tons
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SULLIVAN COUNTY

Sullivan County depends primarily on landfill to dispose of sludge. A
small amount of sludge and septage is land applied and composted at six
sites 1im the county. One plant (Liberty) is stockpiling sludge due to the
lack of either a dewatering or stabilization process available at the plant
site. Approximately one-half the septage generated in Sullivan is disposed
outside the county.

TABLE 18
Number of Percent of Number of Percent of
Method Tons* Total Tous Sites Total Sites
OCEAN DISPOSAL 0 0 0 0
LANDFILL 1,609 78 4 31
INCINERATION 0 0 0 0
COMPOSTING 30 2 2 15
LAGOON 227 11 2 15
TREATMENT PLANT 0 0 0 0
LAND APPLICATION 169 8 4 31
STOCKPILED 20 1 11 8
TOTALS 2,055 100% 13 100%

-Total Sludge: 1,728 tons
Total Septage: 327 tous

#* Tons are in dry tons
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ULSTER COUNTY

All sludge in Ulster County is landfilled at various town facilities. All
Ulster's septage is lagooned at private sites or hauled to STPs.

TABLE- 19‘

Number of Percent of Number of Percent of

Method Tons* Total Tons Sites Total Sites
OCEAN DISPOSAL 0 0 0 0
LANDFILL 1,151 80 9 60
INCINERATION 0 0 0 0
COMPOSTING 0 0 0 0
LAGOON 282 20 6 40
TREATMENT PLANT 0 0 0 0
LAND APPLICATION 0 e} 0 0
TOTALS 1,433 100% 15 100%

Total Sludge: 1,151 toms
Total Septage: 282 tons

* Tons are in dry tonms
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WESTCHESTER COUNTY

Westchester generates and disposes of about 50 percent of the sludge and
septage in the region. Approximately 70 percent of this material is sent
from the Yonkers STP to be disposed of in the ocean. Incineration is used
to dispose of sludge and septage from two plants which represent
one-quarter of the region's total. There are land application and
composting projects at two other facilities in the county. '

TABLE 20

Number of Percent of Number of Percent of

Method Tons* Total Tons ' Sites Total Sites
OCEAN DISPOSAL 14,076 71 1 ' 20
LANDFILL 0 0 0 0
INCINERATION 5,201 26 2 40
COMPOSTING 482 2 1 20
LAGOON 0 0 - 0 0
TREATMENT PLANT 0 0 0 0
LAND APPLICATION 38 ! o1 20
TOTALS 19,797 | 100% . 5 100%

Total Sludge: 18,336 tons
Total Septage: 1,461 tons

* Tons are in dry tons
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POPULATION PROJECTIONS AND FUTURE WASTE QUANTITIES

Introduction

Sludge and septage management facilities planned today must be designed to
accommodate wastes generated by a population anticipated in the year 2000.

Facilities are commonly designed for a 20 year life. As information on
population projections for 2005 was not available, the year 2000 is used in
the accompanying table.

This section presents 1985 population data and projects population to the
year 2000 to forecast future waste quantities and aid in designing

management facilities,

Explanation of Table

Table 21 of this section displays the sewered and unsewered population of
each county for the years 1985 and 2000. The percentages in the table were
provided by the county technical repraesentatives.

From the information in Table 21, EFC estimated that each person in the
region generates 117 gallons of septage per year. This figure is somewhat
higher than the average per capita septage generation rate of 60 gallons
recommended by USEPA for planning and design. It should be noted,
however, that the regional rate probably includes some commercial and
institutional wastes which EPA recommends adding to the average design
rate. TFor the purposes of this report, septage generation rate of 120
gallons per capita per year has been used to project the year 2000 total
septage quantity of 71.81 million gallons per year.

The table also shows sludge production in 1985 of 35,707 dry tons per year
or an average for the region of 0,46 dry tons per million gallons of sewage
waste treated. This sludge production rate is dependent on plant processes
and will probably increase in the future due to modifications in treatment
processes and more efficient operation of STPs. In projecting the sludge
quantities, a production rate of 0.692 tons per million gallons of waste
flow was used. This is based on the calculations contained in Appendix B.

"Handbook: Septage Treatment and Disposal', EPA 1984
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The ratio of sewered to unsewered population is expected to increase from
1985 to the year 2000. This will result in a 10.6 percent increase in
sludge production from 35,707 dry tons per year presently to 39,492 dry
tons per year in 2000. A corresponding 1.62 percent decrease in septage
production from the present 72,99 million gallons per year to 71.81 million
gallons per year in 2000 is projected. '

The impact of the 10.6 percent increase in sludge production must be taken
into consideration in implementing a sludge management plan. The slight
1.62 percent decrease in projected septage quantities may be ignored for
future planning purposes.
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Total

Pop.
DUTCHESS 256,563
ORANGE 275,152
PUTNAM 80,852
ROCKLAND 267,276
SULLIVAN 67,710
ULSTER 163,135

WESTCHESTER 870,723

 TOTAL: 1,981,411

Z
Sew.

40
60
15
93
45
37
85

TABLE 21
POPULATION DATA
1985
4
Pop. Un—- Pop. Sludge Septage
Sewered Sew, Unsewered Ton/year Mil. Gal.
102,625 60 153,938 3,289.4 25.9
165,091 40 110,061 4,844.9 10.6
12,128 85 68,724 294.5 0.002
247,765 7 19,511 5,464.7 11.4
30,471 55 37,240 1,726.6 3.48
60,360 63 102,775 1,360,3 2,67
740,115 15 130,608 18,726.7 18.97
31 622,857 35,707.1 73.022

69 1,358,555

SOURCE: New York State Water Quality Mangement Plan

New York State Department of Commerce, September 30, 1985

Total

Pop.
DUTCHESS 290,541
ORANGE 329,109
PUTNAM 96,695
ROCKLAND 315,529
SULLIVAN 74,159
ULSTER 178,283

WESTCHESTER 870,883

TOTAL: 2,155,199

POPULATION PROJECTIONS

A

Sew.

45
70
38
96
45
50
85

2000

Pop.
Sewered

130, 744
230,376
36,744
302,908
33,372
89,142
740,251

73 1,563,537

y4

Un- Pop. Sludge Septage
Sew. Unsewered Ton/year Mil. Gal.
55 159,797  3,302.3° 19.17
30 98,733 5,818.8 11.84
62 59,951 928.1 7.19
4 12,621 7,650.8 1.51
55 40,787 842.9 5.74
50 89,141 2,251.5 10.69
15 130,632 18,697.2 15.67
27 591,662 39,491.6 71.81

SOURCE: New York State Water Quality Mangement Plan

New York State Department of Commerce, September 30, 1985
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SECTION 3. TECHNICAL ALTERNATIVES FOR SLUDGE MANAGEMENT

INTRODUCTION

Five technical alternatives for sludge management are presented in this
section: sanitary landfill, composting, land application, ocean disposal
and thermal reduction. Each technology is described in detail and
associated requirements for implementing the technology are discussed. A
comparison of the relative cost of each alternative is provided. This
section also includes other considerations common to all the alternatives:
dewatering and transportation. EFC reviewed available engineering studies
prepared for each of the counties to gain a background on past
recommendations for sludge and septage management. A summary of these
reports is given in this section.

SANITARY LANDFILL
Requirements for Disposing of Sludge in a Landfill

Disposal of munmicipal sludge and septage in a sanitary landfill is
regulated by the New York State Department of Environmental Conservation
(NYSDEC), through Part 360 and NYSDEC's "Solid Waste Management Facility
Guidelines". The guidelines define these requirements for a sanitary
landfill in New York State to accept sludge:

1. Sewage sludge must be dewatered to a minimum of 20 percent solids by
weight and be digested or otherwise stabilized so it is not odorous;

2. The proportion of sludge (wet weight) accepted at a landfill should
not exceed 25 percent of the total weight of municipal solid waste
with which it is to be mixed unless leachate monitoring treatment and
collection is provided;

3. NYSDEC must approve the type, quantity, and general quality of the
sludge to be accepted at the site;

4, NYSDEC will approve a "sludge only'" landfill under specific conditioas
set forth in the regulations and guidelines.

Where municipal sludge and municipal refuse will be mixed in a landfill,
the quantity of sludge which may be received at that landfill depends on
the quantities of both sludge and solid waste (MSW) managed at the site.
As the amount of sludge that can be accepted into a landfill is limited to
25 percent by wet weight, the contribution of sludge, by volume, is
relatively small in relation to the total amount of waste managed.
Therefore, under this operating condition, construction of new landfills or
extensions cannot be based solely on sludge generation, but must take into
account MSW generation as the primary cousideration.
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"Sludge ounly"” landfills require very tight operatiomal controls to prevent
both aesthetic and technical problems. The USEPA has published extensive
literature on the design and operation of such sites. The parameters that
must be met may significantly reduce the viability of this option for the
Hudson Valley counties, ‘

In addition to the above conditions, several other factors should be
considered regarding disposal of sludge and septage at a landfill:

e Landfilling sludge and septage does not take advantage of the
inherent nutrient and energy value of these materials except when
used with cover material where the nutrients can benefit
vegetation;

o Sludge and septage contain as much as 80 percent moisture. This
contributes to the formation of leachate at the site which must
be treated and managed so as not to contaminate groundwater;

e Landfill capacity should be reserved for wastes for which limited
recycling options exist. 1In the seven county region, rapid
growth and lack of available land places landfill capacity at a
premium,

The NYSDEC Part 360 regulations allow a landfill to accept more than 25
percent sludge by weight provided leachate collection, treatment and
monitoring facilities are incorporated into the facility plan. Discussions
with county and NYSDEC representatives indicated that none of the landfills
meet this requirement. Thirty-seven sewage treatment plants meet the
minimum criteria for sludge solids concentration and stabilization. One
hundred fourteen plants lack the capability to produce the 20 perceat
solids cake; 46 plants lack one of the required stabilization processes.
Conversely, only 37 plants, accounting for less than one-third of all
sludge produced in the region, meet both dewatering and stabilization
criteria.

Estimating the Cost of a-Landfill for Sludge Disposal
‘There are a aumber of factors that can affect the cost of a landfill:

1. Daily, intermediate and final cover requirements could vary the
actual cost of operation;

2. Closure and post-closure care and monitoring costs should be set aside
as the site is developed;

3. The availability of a municipal sewage collection and treatment system
to receive the leachate generated at a site will save the capital cost

of a leachate treatment system;

4, The potential for methane gas recovery over the long term could help
offset some of the operating costs.
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Two cost estimates, one for a landfill for all sludge generated in the
seven county region and one for a site limited to 100 acres, are presented
in Appendix E to illustrate the range of costs and the items which should
be included in the facility plan. These estimates demonstrate the higher
costs now associated with newer, more stringent regulatory requirements
and, in the case of the smaller site, the limitations inherent in a smaller
working area. They are only hypothetical situations and, therefore, serve
to display relative cost features of an acceptable facility., It is
important to note that a 100 acre landfill will take only about one-fifth
of the sludge (in dry tons) generated per day in the region. Five or more
sites of this size might be required depending on the depth or height of
fill.

Estimates of land costs have not been included as they are subject to a
very large range in price in the seven county region. They must, however,
be included in any specific site estimate and they can be included in the
capital cost.
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COMPOSTING

Introduction

Sludge composting is the aerobic decomposition of organic materials to a
relatively stable, humus~like product. The stabilization process is
performed by the activity of microbial organisms (bacteria and fungi)
inherent in wastewater sludge. A properly designed composting operation
provides the correct environment for this stabilization process to proceed
within a reasonable time at an acceptable cost under existing climatic and
space limitations, It must be understood that composting is a
stabilization process; it is not a disposal process. A substantial portion
of the sludge component remains, and must be disposed, after the composting
process has been completed,

The first consideration in implementing any composting system is the

availability of a market. The first word of advice from those experienced .

in composting activities is to conduct a comprehensive market survey for
the sale and reuse of compost. The second most important consideration is
not to use the market value of compost as an offset against capital or
operating costs, as compost value is generally unstable and is generally
set by the material it replaces in the marketplace.

Compost is considered to be the most stabilized, least offensive, publicly
acceptable form of sewage sludge. But while a great deal of time and
expense goes into producing compost, its nutrient value, in the form of
nitrogen, is reduced by approximately 50 percent. Therefore, the
potentially limited market and reduced nutrient value of compost must be
compared carefully with the benefits of any composting program.

Requirements of the-Composting Process

“Common to all composting processes are the following requirements.

Bulking Agents

Bulking agents control moisture levels, maintain adequate carbon-nitrogen
(C/N) ratios, provide porosity for air circulation, and provide structural
stability for compost pile construction., Materials found to be effective
bulking agents include wood chips, wood bark, sawdust, rice hulls, shredded
tires, and recycled compost.

Moisture Control

Sewage sludge is usually dewatered to approximately 80 percent moisture
content (20 percent solids) prior to use in any composting system. The
optimum moisture content for material to be composted is 50 to 60 percent.
The structural integrity of piles and air circulation is adversely affected
at over 60 percent moisture. A ratio of bulking agent to sludge of
approximately 2,5:1 is usual to achieve propar moisture control,
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Carbon-Nitrogen Ratio (C/N)

Microorganisms require 30 parts of carbon for each part of nitrogen used in
aerobic respiration. C/N ratios of 25 to 35:1 are considered ideal for
composting. Lower ratios cause nitrogen loss by volatilization and higher
values require longer composting retention times.

Porosity

Bulking agents create voids in the compost mass by adding a random assorted
structure {(materials of different sizes and shapes to prevent compaction)
and by absorbing moisture. These spaces permit the circulation of air
required to maintain aerobic conditions. Lack of an aserobic environment
will result in offensive odors, require an extended retention period, and.
result in an inconsistent product. : '

Structural Stability

It would not be possible to achieve the size and relative dimensions of
windrows and aerated piles without using bulking agents. The small
particle size of unbulked sludge tends to cause it to slide and spread out
rather than remain firm.

TemEerature

The optimum temperature for composting is 40 to 55°C. Lower temperatures
decrease the rate of microbial activity and prevent destruction of
pathogenic organisms. Higher temperatures will drive off excessive amounts
of moisture, also decreasing microbial activity.

Ongen

The optimum oxygen concentration for composting has been found to be five
to 15 percent by volume. Higher levels tend to reduce temperatures. Lower
levels can lead to the development of anaerobic conditions. If proper
temperatures are maintained, oxygen levels will usually be adequate for
composting requirements.

Screening

Screening the finished compost is necessary to separate and recycle the
bulking material and reduce the amount of compost to be managed. The
bulking agent is expensive. Effective screening can reduce this cost.
Approximately 40 to 70 perceat of the bulking agent can be captured and
reused depending on the type of equipment used and the moisture content of
the finished compost. Moisture levels of 60 percent or more severely
hamper effective screening.

Leachate Collection and Treatment

Condensation of moisture in air handling systems as well as rainfall create
leachate with a composition similar to the composted material from which it
is derived. This leachate can be treated in a sewage treatment plant.
Spray irrigation of the leachate has also been proven effective without
causing negative environmental impacts,
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Mixing

The selection of appropriate mixing equipment in relation to the type of
bulking agent used and the moisture content of the sludge cake is a
significaant factor in the success of the composting operation. Inadequate
mixing can lead to a non-homogenous material., This, in turn, will cause an
inconsistent final compost in terms of pathogen destruction and moisture
content. Odor problems, screen clogging, and excessive drying and curing
times can all be related to inadequate mixing of sludge cake and bulking
agent, .

Curing

Following the active composting period (generally 14 to 21 days) a curing
period of two to four weeks is usually required to complete the
stabilization process and to provide additional drying time. Compost can
be screened or unscreened during the curing period. In areas where
rainfall interferes with effective drying and curing operations, roofed
structures and aeration of the curing piles have been used to great
advantage.

Volatile Solids (VS) Ratio

The VS ratio is a relative measure of the population of microorganisms in
sludge. VS ratios of sludge cake to be composted should be a minimum of 35
percent, Studies show that ratios below this minimum lack sufficient
biomass and substrate (food source for microorganisms) for composting. 1In
addition, inordinate amounts of bulking agent are often needed to supply an
adequate carbon source. With normal wastewater sludges the VS should not
be a problem. Where a high percentage of inorganic waste, such as an
industrial waste, is being treated, or a significant amount of inorganic
chemicals, such as ferric chloride or lime, is added during the treatment
process VS ratios could become critical.

PHE

The optimum pH for composting is 6 to 8. This range will accommodate the
active species of bacteria and fungi involved in the composting process.
As it is difficult if not impossible to alter the pH of the compost pile,
sludge cake to be composted should be within or near this range. Wood
products used as a bulking agent provide buffering action and reduce high
pH to appropriate levels. Except in extreme cases, pH has been shown to be
self-regulating after a few days by virtue of the metabolic processes
involved in composting.

Composting- Systems
‘Composting systems are divided into two basic types:
¢ Unconfined or open types
a. Windrow

b. Aerated static pile

e Confined or in-vessel types
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Windrow System

A typical compost windrow is five feet high and seven feet wide at the
base. Experimentation at a project in Beltsville, Maryland indicates that
poured concrete is the ideal base for effective leachate collection and
equipment operation. Windrow piles are turned at various frequencies
depending on climatic conditions and the age of the pile. Several turnings
per day may be necessary for the first few days to maintain aerobie
conditions, reduce odors, and emsure a homogenous mixture. Thereafter, the
compost pile is generally turned on the basis of oxygen availability or
temperature within the pile. Oxygen and temperature levels are measured by
probes inserted at varigus points within the pile. As with all systems,
temperatures of 40 to 55 C and an oxygen concentration of five percent by
volume are generally considered ideal.

After about five days, the pile is turned once per day for the next 25 to
30 days. The windgow composting process 1s considered complete when a
temperature of 55 C has been continuously maintained for a period of 15
days. If the material 1is not to be marketed to the general public,
somewhat less str%ngent regulations apply: the compost temperature may be
maintainedoat 40°C for five days, and for four hours during the five day
period at 55 C.

Disadvantages of the Windrow System

e High potential for and limited control of odors

e High temperature and moisture variability due to prevailing
climatic conditions

e Larger area required than for other systems

® More labor- and machine-intensive than aerated pile method due
to frequent need to turn pile

e Final product less homogenous due to varying rates of organic
activity within pile

Advantages of the Windrow System

The only advantages of the windrow may be its simplicity of operation and
low capital cost. Although specialized compost turning equipment is
preferred, pile turning can be accomplished with conventional front-end
loaders if pile construction is consistent with equipment capability.
Thus, a basic composting operation can be accomplished on a small scale
with little capital investment.

Aerated Pile System

The aerated pile system was developed to eliminate some of the
disadvantages of the windrow system, Using this technique, land
requirements are generally reduced by 25 percent, and odors are reduced or
eliminated even when composting raw sludge. The addition of forced air
ventilation provides the control necessary to achieve a consistent final
product and reduce stabilization time.
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An aerated pile is constructed by placing aeration piping of various
configurations, depending on pile dimensions at ground level, over which a
six to eight inch layer of bulking agent is placed and extended to the pile
edges. The underlayment of bulking agent provides even air distribution,
moisture absorption and odor reduction. A sludge to bulking agent mixture
of approximately 40 percent solids content (one part sludge at 20 percent
solids and two parts bulking agent) is then placed over this underlayment
to form a triangular cross section 15 feet at the base by 7.5 feet in
height. The entire pile is covered with a one-foot=-thick layer of screened
or unscreened cured compost. This covering provides insulation to the pile
and reduces odors.

The aeration piping header is connected to a blower (genmerally about 1/3
Hp) which draws air down through the pile on a predetermined time cycle to
meet the oxygen and temperature requirements of the pile. (For example,
five minutes on, 15 minutes off, for a 56 foot long pile containing up to
80 wet tons of sludge.) Aeration times must be monitored fairly closely, as
overaeration will cool the pile below effective compost temperatures
(SSOC), and underaeration will cause anaerobic conditions resulting in
undesirable odors and a less stabilized product., The use of temperature
sensors in a feedback control loop effectively controls aeration. The
feedback control loop controls blowers byo"feeding back'" the pile
temperature, For example, a temperature of 40 C would deactivate blowers
while a setting of 55 C would activate blowers. The effluent air may
then be piped to a cured compost filter pile or other odor control device
for further odor removal.

Numerous other pile and aeration configurations are possible depending on
site and other limitations, The configuration described above will
accommodate approximately three to five dry toms of sludge per acre
including space for runoff collection, administration, parking, mixing,
screening, storage, and other ancillary services. :

Another type of pile configuration, the extended aerated pile, is designed
to reduce the composting site area by approximately 50 percent. This
reduction is achieved by more intensive and extensive pile construction.
Figures 2 and 3 illustrate extended and individual aerated piles.

Pile configurations continue to evolve and are site specific, so it is
difficult to determine the exact land area required for a given composting
system prior to detailed design. However, for the purpose of preliminary
planning, it can be assumed that five dry tons may be composted per acre.

Under normal operating conditions, 14 to 21 days of composting time are
required to obtain a satisfactory final product. An additional curing
period of a few days to one moath is necessary to remove excess moisture
and complete the stabilization process. After a stable temperature is
achieved within the pile (55°C), adverse climatic conditions (excessive
rainfall or low ambient temperatures) seem to have no effect on the
process, assuming proper construction and operationm.
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FIGURE 2
INDIVIDUAL AERATED PILE
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Confined or In-Vessel Composting Systems

The major advantage of this type of system is the limited area per ton
required to effect composting., In-vessel systems are much more capital
intensive and mechanized than windrow or aerated pile systems. The types
of in-vessel systems available are as varied as the number of manufacturers
producing them. All accomplish the composting process within a closed
container to minimize or eliminate odors and reduce process time by using a
high degree of operational control. Individual systems differ primarily in
process control and materials handling methods. As with the previously
described processes, the process control parameters are temperature,
exhaust gases, and moisture. In the windrow process, gross control of
oxygen 1s achieved by turning the piles; temperature and moisture are
dependent variables regulated by oxygen concentration. In the aerated pile
method, oxygen concentration may be finely controlled. However,
temperature and moisture are still only indirectly controlled. With
in-vessel systems, all process variables can be highly controlled. Within
the relatively small vessel or reactor, virtually complete and continuous
mixing (usually of a patented design) allows all process parameters to be
closely monitored and controlled by means of aeration, moisture and heat
addition,

USEPA studies suggest that the limited detention times of in-vessel systems
do not allow the composting process to reach completion.®* If this is true,
then the curing periods of two to three months required to reduce volatile
organic levels increase time and space reéquirements to those for uncoafined
systems, Figure 4 illustrates the components of a typical in-vessel system.
A list of some manufactures of in-vessel systems is included as Appendix C.

Potential Uses of Compost

The composting process removes approximately 50 percent of the available
nitrogen present in sewage sludge, Sludge is known to be deficient in
potassium and phosphorus compared to commercial fertilizer. Therefore, the
fertilizer value is reduced as a result of the composting process. Indeed,
compost should not be considered a fertilizer but a soil amendment,
However, there are significant benefits to using compost as a soil
amendment :

e increased water retention capacity of sandy soils
e increased porosity of clay soils
e increased microbiological populations in soils
® increased availability of micronutrients
e provides for slow release (mineralization) of nitrogen,
phosphorous and potassium,
* Process Design Manual for Sludge Treatment and Disposal, EPA

625/1-79-011, September 1979.
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SOURCE:

FIGURE 4
TYPICAL PROCESS FLOW
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Composted sludge can be bagged and sold, or applied directly to land.
Substantial increases in vegetable yields have occurred as a result of
using composted sludge. Use of compost in land reclamation is well
documented. Some experiments have demonstrated that compost is effective

in controlling plant disease and fungi. The increasing cost of peat moss
makes the horticultural industry potentially a prime market for compost.

Safety and Health Aspects of-Composting

The following information is summarized from Technical Bulletin:
Composting Processes to Stabilize and Disinfect Municipal Sewage Sludges,
EPA 430/9-81-011, July 1981l,pp. 33-34 and Appendix B-1. Complete
information can be found in Appendix D of this report,

Employee Safety

The usual rules of sanitation apply to compost facilities, such as washing
hands before eating and before going home, Facility operators must provide
showers and on-site clothing which is worn only at the facility. Dust
conditions should be minimized.

The facility should be located away from individuals susceptible to
respiratory or other illnesses which might be brought about by the
pathogens in sludge. This would include hospitals and nursing homes, for
example,

Health Aspects

Facility workers are exposed to the risk of primary pathogens present in
sludge and from secondary pathogens such as fungi and actinomycetes which
produce an allergic response in lung tissue. The latter two grow during
composting and usually infect only people with debilitated immune systems.
However, the pathogens can cause an infection in an apparently healthy
individual. Available studies indicate the risk to workers from primary
pathogens is low. Infection can be prevented by proper sanitary
procedures, Individuals in good health should not be infected by secoundary
pathogens. However, those predisposed to diabetes, asthma, emphysema or
tuberculosis or who are taking certain medications may be more susceptible
to infection,

Table 22 lists pathogens generated during composting and their associated
diseases. :

45



TABLE 22

EXAMPLES OF PATHOGENS FOUND IN OR GENERATED DURING COMPOSTING
OF SEWAGE SLUDGE, TOGETHER WITH HUMAN DISEASES ASSOCIATED

WITH THESE PATHOGENS.

PRIMARY PATHOGENS
GROUP

Bacteria
Protozoa

Helminths

Viruses

SECONDARY PATHOGENS

Fungi

Actinomycetes

EXAMPLE

Salmonella enteritidis

Entamoeba histolytica

Ascaris jumbricoides

Hepatitis virus

Asperqgillus fumigatus

Micromonospora spp

DISEASE

Salmonellosis
(food poisoning)

Amoebic dysentery
(bYoody diarrhea)

Ascariasis
(worms infecting the
intestines)

Infectious hepatitis
(jaundice)

Aspergillosis
(growth in lungs
and other organs)

Farmer's lung
(allergic response .
in lung tissue)

SOURCE: Technical Bulletin:

Composting Processes to Stabilize and

Disinfect Municipal Sewage Sludges, EPA 430/9-81-011, July 1981.
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Composting Facilities: Case Studies

General -Comments

The following case studies resulted from telephone conversations with
on-site chief operations persounel or municipal bureau directors. These
discussions were held 1n early to mid-December 1985 and reflect the
operational status of the facilities at that time. '

In discussing their operations, the contacts, in some cases, emphasized
particularly noteworthy points, or several contacts mentioned items that
most facilities seemed to share in common. Although to some degree these
points may appear to be self-evident, they are included below as a list of
general comments or guidelines.

1. The source of sludge cake should be located as near to the compost
site as possible. Preferably, the composting facility should 'share the
same site as the STP, If this is not possible, a location near each other
is a high priority to reduce the cost involved in transporting wet sludge
cake from the STP to the composting site., Having, the sludge cake source
and STP in proximity also allows use of the STPs wet process train for
treatment of leachate from the compost site and permits sharing of
personnel and equipment,

2, When considering composting as a sludge management alternative,
‘municipal officials and facility directors should visit as many operational
sites as possible to become aware of the disadvantages and pitfalls of the
various systems and equipment., This is especially true as composting
systems and equipment can be particularly site dependent.

3. All contacts confirmed that odors exist with any composting operation.
Most felt that the odors generated were, for the most part, confined to or
in proximity to the site. However, adverse conditions (thermal inversion,
or warm, humid, or calm periods, for example) caused odors to migrate and
complaints to result. In addition, odors that operations personnel found
acceptable were sometimes found objectionable by local residents. An
adequate buffer zone should be provided between the compost site and
residential areas. Two thousand feet seems to be an acceptable minimum,
depending on local conditions (prevailing wind direction, average
temperature, etc.).

4. Larger composting operations should consider hiring a professional
consultant to do a marketing program. As marketing has traditiomally not
been a principal focus of municipalities, in-house expertise in this area
is generally not available to municipal officals. Marketing is important
to offset operational costs by sales of compost; a backlog of compost on
site can create odor and storage difficulties.

5. Costs presented here and in other sources should be considered
approximate. Differences in cost accounting practices, amortization
schedules, and site-specific factors make direct cost comparisons difficult
without detailed analysis,
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Composting Facilities: Case Studies

CASE 1

LOCATION: Scranton, PA

OPERATOR: Scranton Sewer Authority

PROCESS TYPE: Extended, aerated static pile

CAPACITY: | 8.5 tons per day

SITE AREA.,: Ten acres presently; ultimately 25 acres

DRIED SLUDGE CARE: 23 percent solids

SLUDGE DEWATERING: Vacuum filter

BULKING AGENT: Wood chips ($8.10/yd)

MIXING RATIO: 2:1

CAPITAL COST: Approximately $3 million (25 acre site)

MARKETING: . Compost sold for $5 per tom (approximately 4 cu. yd.)

in bulk ounly
DISCUSSION

The Scranton system became operational in September 1984, replacing
incinerators that were outmoded and inefficient. The second construction
phase of the project 1s currently underway to expand the facility to 25
acres. The facility processes 12,000 to 13,500 wet tons of sludge per year
at an average of 23 percent solids to produce 5,000 to 6,000 tons of
compost per year at 40 to 60 percent solids,

Compost is sold in bulk to nurseries, golf courses and municipalities for
use in parks and other public lands., A feature unique to sludge management
in Pennsylvania is the active involvement of Pennsylvania State University.
Penn State provides specific site management guidance (soil requirements,
and application rates, for example) and reduced rates for sludge and
compost laboratory analysis,

Scranton is relatively free of industrial discharges and, therefore,
generates a "clean" sludge and compost. The composting site is located
approximately 1,500 feet from a residential area and has virtually no odor
problems. The composting operation employs three persons full time.
Process control is based on temperature and oxygen monitoring.
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CASE 2

LOCATION: Durham, NH

OPERATOR: Town of Durham

PROCESS TYPE: Individual aerated pile

CAPACITY: 600 dry tons per year

SITE AREA: 5 acres (10 acres including sewage treatment plant)

DRIED SLUDGE CAKE: 19 percent

SLUDGE DEWATERING: Vacuum filter

. BULKING AGENT: Wood chips ($6.00 per yd.)

MIXING RATIO: 3:1

CAPITAL COST: $1.2 million

MARKETING: Compost is "sold" to other Town departments for

$6 to $7 per yd.
DISCUSSION

Durham became operational in the fall of 1980, and is considered one of the
most successful composting operations in the East. The municipal waste
stream is free of industrial waste, generating a "clean" sludge and
compost. Durham is the home of the University of New Hampshire. It has a
winter population of 24,000 and a summer population of 10,000, The compost
facility is located on the STP site and was part of a $7.5 million
treatment plant upgrade that included secondary treatment facilities and
sludge handling facilities as well as the composting process. '

The compost operation employs two full time persons as well as a half time
supervisor. The ultimate users of Durham's compost are other Town
departments which are charged $6 to $7 per cubic yard. This rate provides
a substantial cost savings to the Town over s0il amendments used in the
past, for example replacing $12 per cubic yard top soil,

The composting facility is located directly adjacent to the treatment
facility and approximately 700 to 800 feet from the nearest residence.
Odors resulting specifically from the composting facility are not judged to
be a problem according to the facility operator. However, odor problems at
the treatment plant have occurred. :
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CASE 3

LOCATION:

OPERATOR:

PROCESS TYPE:

CAPACITY:

SITE AREA:
DRIED SLUDGE CAKE:
SLUDGE DEWATERING:

BULKING AGENT:

Calverton, MD

Washington Suburban Sanitary Commission
(public utility)

Extended, gerated static pile

400 tons per day design; ,
200 tomns per day currently being handled

116 acres; 22 acres paved (concrete and asphalt)
17 percent solids (average)
Various

Wood chips ($12.40/ton)

MIXING RATIO: Approximately 4:1

CAPITOL COST: $27 million (400 tons per day site)

MARKETING: By contract with Maryland Environmental Services
(state agency) under the trade name of COMPRO.
Sold in bulk at $5.00 per cu.yd. to turf farms,
nurseries and similar users, in 40 lb. bags
to the general public

DISCUSSION

Operational in April 1983, the Calvertom facility is called a "Cadillac"
due to .its size and sophisticated equipment., For example, the plant
features two 120 feet by 600 feet roofed, compost pads served by
sophisticated air handling and odor control systems. Calverton is
currently constructing its third compost pad and related facilities to
bring the operation to its design capacity of 400 tons per day.

Located within three miles of a population of 30,000, the facility has
generated complaints of odors despite the higher technical odor control
equipment, However, the operator feels that off-site odors are "minimal".

The ultimate users of the compost product are reached via a marketing
program by Maryland Envirommental Services. A market for the facility's
ultimate design capacity of 400 tons per day is believed to be available.
The operation recovers approximately $100,000 per year through compost
sales,
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CASE 4

LOCATION:
OPERATOR:
PROCESS TYPE:
CAPACITY:

SITE AREA:

DRIED SLUDGE CAKE:

SLUDGE DEWATERING:

BULKING AGENT:
MIXING RATIO:
CAPITAL COST:

MARKETING:

DISCUSSION

Hampton Roads, VA

ﬁampton Roads Sanitation District
Extended, aerated static pile

12 tons per day design, 7.5 tons per day actual
5 acres; 1 acre of pads

16.5 percent solids

Belt filter press

Wood chips ($20 to $22 per ton delivered)
3.5:1 (by volume)

$1.7 million

Landscaping and related industries;

sold in bulk for $7.50 per cu. yd.
($6 per cu. yd. for 10 cu. yds. or more)

The Hampton Roads plant commenced operation in October 1981, and composts
sludge cake from three sewage treatment plants within the sanitation
district. The facility is producing under capacity due to the excessive
wetness of the preprocessed sludge. Design called for 20 percent cake
solids, while actual cake solids average 16 to 17 percent sclids. The
Hampton Roads operation claims minimal odors and attributes this to
maintaining moisture levels at 60 percent or less and providing for
aeration during curing and storage periods, '

Marketing is handled directly by the sanitation district under the

leadership of a full time agronomist. Compost is in demand and there is a
market for all that can be produced.
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CASE 5

‘LOCATION:
OPERATOR:
PROCESS TYPE:

CAPACITY:

SITE AREA:
DRIED SLUDGE CAKE:

SLUDGE DEWATERING:

Denver, CO.
Denver Metropolitan Sewage District #l
Aerated windrow

105 tons per day design;
70 to 75 tons per day currently handled

23 acres; 17 acres under cover
20 percent solids

Centrifuge

BULKING AGENT: Wood chips ($20-$25/ton, softwood,

no screening operation)

MIXING RATIO: 2:1
CAPITAL COST: $13 million
MARKETING: Landscaping and related industries; sold for $6 to $8

per ton; a bagging operation and aggressive marketing
program is planned for 1986

DISCUSSION

The Denver facility is in partial operation and under coanstruction for full
scale operation scheduled for March or April 1986, The Denver operation is
relatively unique in the application of the dual utilization concept: land
application aand composting. Basically, this amounts to land spreading
liquid sludge when climatic conditions permit and composting sludge during
adverse conditions, Land application is the preferred alternative due to
the lower operational cost ($60/ton for landspreading vs. $75/ton for
composting).

Denver's compost is rated "Grade I" by the Colorado Health Department.
This is the highest grade of classification, making the compost suitable
for all agronomic uses including crops for direct human consumption,

The Denver facility is located in an industrial area within one~quarter
mile of a residential area and within 1.5 miles of a densely populated
area. No odors emanate from the composting facility. In part, this may be
due to the fact that composting is confined to the colder periods of the
year,
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CASE 6

LOCATION: Cape May, NJ

OPERATOR: Cape May County Municipal Utilities Authority
(not-for-profit public utility)

PROCESS TYPE: In-vessel (Purac Engineering Inc.,
: subsidiary of ABV-Sweden)

CAPACITY: 12 tons per day design;
20 tons per day actually handled

SITE AREA: 3 acres
DRIED SLUDGE CAKE: 20 percent design; 30 percent (average) actual

SLUDGE DEWATERING: Belt press

BULKING AGENT: Sawdust

MIXING RATIO: - 0.2 to 0.3 parts sawdust: 1.5 parts recycled compost:
1 part sludge cake

CAPITAL COST: $10 million ($5 million for site development,
$5 million for composting facilities)

MARKETING: Since the facility has been operational just over a
year, marketing has not begun; compost is being
stockpiled

DISCUSSION

Operational on April 29, 1985, this facility is unique in its ability to
process approximately 160 percent of its designed capacity. Facility
.operators attribute this capability to the lack of moisture in the
preprocessed sludge cake (65 percent to 75 percent actual as opposed to 80
percent design) and the high level of volatile solids (VS) present in the
sludge (70 percent design VS as opposed to 85 percent actual VS). The
operator commented that "this high volatility causes the sludge to
disappear"! The operator also reported that a water spray modification was
added to handle the abnormally dry sludge.

The reactor vessel consists of two rectangular stages: stage one is 30 feet
by 55 feet long, stage two is 300 feet by 45 feet long. Stage one can be
operated alone or in series with stage two. Similar facilities are under
construction in Fort Lauderdale and Sarasota, Florida.

The facility processes an average of 20 tons per day of sludge from four
sewage treatment plaats treating a total of 45 to 50 million gallons a day.
An absence of industrial dischargers produces a clean sludge and,
consequently, a clean compost. Potential markets for Cape May's compost
include sod farms, nurseries and landscapers.
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CASE 6 (continued)

Although the process permits 100 percent of the exhaust gases to be
captured, the facility, one-half mile from a residential area, has had odor
problems, To control odors, the existing single stage sulfuric acid wet
scrubber is being expanded to include a second stage scrubber using caustic
soda and an oxidizing agent. Another problem at this facility, mechanical
in nature, has been with the use of drag chain conveyors for moving sludge
cake. This section of the process is under redesign to replace this type
of conveyor with a more suitable sludge conveyor device. Parking space is
inadequate and road access is deficient,
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CASE 7

LOCATION: Windsor, Ontario, Canada

OPERATOR: Hearn and Sons Trucking (comntract operator)
PROCESS TYPE: Extended, aerated static pile |
CAPACITY: 110 tons per day

SITE ARFEA: 7 .acres

DRIED SLUDGE CAKE: 27 percent solids

SLUDGE DEWATERING: Centrifuge

BULKING AGENT: Shredded rubber tires and wood chips

MIXING RATIO: one part rubber:2 parts wood chips: one part sludge
CAPITAL COST: $1 million (US)

MARKETING: Current use is for landfill final cover and

parks and recreation facilities

DISCUSSION

Operational since May 1977, this facility has some rather unusual features:
in-house design, contractor operated, a large amount of covered site area,
use of shredded rubber tires as a bulking agent, and a contractor-designed
screening device. The basic facility was designed by City of Windsor
employees in cooperation with the City's contract operator who
implements modifications as needed in what could be termed an "evolutionary
process',

The City bids out the operation on a five year contract based on toms of
sludge cake processed., The current contract price is $15 per metric ton
(812 per metric ton sludge cake plus $3 per metric ton bulking agent) or
approximately $67/dry ton (US dollars and tons). The contract operation is
perferred because it eliminates the high cost of the City's unionized
labor.

Although the compost pads are not covered, a covered mixing building (8,000
square feet) and a drying structure (roof and three sides, 12,000 square
feet) allow the finished compost to remain relatively dry after processing.

The bulking agent mix consists of recycled remnant furniture hardwood chips
and shredded rubber tires. The shredded rubber tires are available in
Detroit from Uniroyal Tire ($13.33 US per cu. yd.) specified as 2" x 3"
plus 10 percent size variation. At least onme source indicated that heavy
metal problems may be associated with the use of shredded rubber tires.
Windsor claims no such problems will be encountered provided that the tire
pieces are clean cut, with no metal belting protruding from the rubber.
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CASE 7 (continued)

The contractor-designed screeening device is basically a modified, high
capacity sand and gravel separator using a rubber mesh. Recovery rates of
hardwood chips are claimed to be as high as 93 percent and losses of
shredded rubber less than 1 percent.

Although no aggressive marketing program is being undertaken, the City has
saved approximately $1 million in landfill cover costs. The compost is
curreatly available on site free of charge although the City is ultimately
interested in sale of the finished compost. Presently, the City does not
apply the value of the compost to offset operational or capital costs,

The facility receives sludge cake from its 30 million gallons per day (US,
dry weather flow) sewage treatment plant. The composting site is within
1,100 feet of a residential area and receives about three to five odor
complaints per year. The facility operator recommends a buffer zone of
approximately 2,000 feet, however, to compensate for odor problems.
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CASE 8

LOCATION:
OPERATOR:
PROCESS TYPE:

CAPACITY:

SITE AREA:

DRIED SLUDGE CAKE:

SLUDGE DEWATERING:

BULKING AGENT:
MIXING RATIO:
CAPITAL COST:
MARKETING:

DISCUSSION

This facility features two parallel compost trains of 17 dry tons each.
The Fairfield digestors are 115 feet in diameter and 10 feet deep. Both
trains are equipped with sodium hyprochlorite wet scrubber systems for odor
The site has a covered sawdust storage area and an open area for
The composting plant is remotely

control.

six months' storage of finished compost.

Plattsburg, New York
City of Plattsburg (owned by Clinton County)
In-vessel (Fairfield)

34 dry tons;170 wet tons ultimately (design capacity)
20 dry tons current sewage treatment plant production

14.7 acres (process andtstorage)

20 percent solids

Belt press (four 2-meter presses) .

Sawdust (softwood)

1:3 sludge:sawdust ($20 plus per ton delivered)
$15 million

Giveaway program, not developed

located, accessible by a one-mile road. -
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Costs of Composting
Information on costs of composting is difficult to obtain because:

. Cost accounting procedures among municipalities cause service costs to
be charged inconsistently, i.e,, dewatering costs can be sewage treatment
costs or composting costs,

° Transporation costs for taking the sludge to the composting site and
taking the compost to the utilization site have been shown to be
significant and highly site specific.

® Cost and system requirements for bulking agents are site dependent as
well as dependent on individual sludge characteristics, '

A cost analysis for the preceeding case studies is shown in Table 23.
These costs are approximate.

Summary

Composting as a sludge management alternative is not an ultimate disposal
option, but only an intermediate stage in sludge disposal. Marketing is
the most significant factor in the success of any composting operation.
While sale of composted materials can be a factor in offsetting operational
costs, income from this source 1is felt to be highly variable and site
specific and, in general, does not offer significant cost reduction, In
EFC's evaluation, sale of compost merely performs the service of disposing
of the composted material without added cost.

A significant problem with the operation of composting facilities continues
to be the generation of odors. This is particularly a problem with open or
unconfined (windrow and static pile) systems. However, odor problems have
been encountered with in-vessel systems as well. As there are currently
only three fully operational in-vessel systems in the United States
“(Portland, OR; Wilmington, DE; and Cape May, NJ), experience here, as well
as information on cost of operation, marketing success, reliability, and
other factors is inconclusive,

It appears that the only possibility for implementing a composting facility
on a large scale in the mid-Hudson region would be an in-vessel system,
unless a substantial site could be located to provide a large, permanent
buffer against surrounding residential development. In-vessel systems,
while requiring a much smaller area for an equivalent amount of sludge
capacity, have much higher associated costs, Their ability to mitigate
odor problems is unproven in the United States due to a lack of operational
experience. T
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LAND APPLICATION

Iantroduction

Land application is a process by which sludge and septage are injected
below or on the surface of land in a manner which benefits the soil or crop
and does not cause any negative envirommental impacts. Compared to most
other management alternatives, except landfilling, it is a fairly simple
process, An uncontaminated sludge properly applied to an appropriate site
will benefit from the active flora and fauna present in the soil which
biologically reduce the complex substances present in sludge to simple and
in most cases, harmless substances for enrichment of the soil.

USEPA studies estimate that as much as 40 percent of the sludge produced in
the United States is applied to land.* Where a land application program is
consistent with regulatory guidelines and crop needs, sludge and septage
from treatment plants can be managed in a cost effective and
environmentally safe manner.

New York State Department of Environmental Comnservation regulations
restrict land application programs to utilization functions. Thus, a land
application program which.results only in the disposal of sludge is not
permitted. Some benefit other than merely cost effective disposal must be
demonstrated. '

Use of sludge and septage on land falls into three basic catagories:

Agricultural: sludge is applied at specific rates to satisfy a portion of
the fertilization requirements of a given crop.

Silvicultural: sludge is applied to increase forest productivity.

Land Reclamation: sludge is applied to revegetate land which has been
disturbed as a result of such activities as strip mining or landfilling, or
on land with marginal soil productivity,

Application Methods

The generally practiced method of applying sludge to land is to truck it in
solid or liquid form from the sewage treatment plant (STP) and unload it at
the land application site either to an application vehicle or to a storage
structure of some type. While sludge may be hauled from the STP to the
landspreading site by the application vehicle for short distances, this
practice is not recommended. Application vehicles are designed as slow
moving, low geared vehicles with high flotation tires and limited cargo
capacity (approximately 2,000 gallons) for mobility in field operationms.
Hauling vehicles are designed to carry greater cargo loads (approximately
6,000 gallons) over paved roads at much higher speeds,

* Process Design Manual for Land Application of Municipal Sludge,
EPA-625/1-93-016, October 1983, Page 1-1.
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Application vehicles caan apply sludge as liquid or as dried sludge cake.
The decision to land apply sludge as a liquid or solid is site specific
based on economic considerations related to hauling distances and
dewatering costs. When liquid hauling costs approach dewatering costs,
consideration should be given to using sludge dewatering facilities.

Generally speaking, liquid sludge can be more easily applied than dried
sludge because it can be readily pumped from one vehicle to another and to
and from storage lagoons. Dewatered sludge cake may also be transferred
between vehicles but may require larger equipment like front end loaders or
complex materials handling systems.

Sludge cake is spread on land surface by the application vehicle and later
incorporated into the soil by discing or plowing with farm equipment.
Liquid sludge may be applied in a similar manner or may be directly
injected under the land surface (subsurface application) using specialized
equipment or some types of conventional farm equipment such as ammonia
applicators.

Subsurface application is more acceptable to the public which is concerned
about odor problems. Where runoff conditions may occur, dewatered sludges
allow much higher application rates before runoff becomes a problem.
Subsurface injection, however, if properly applied, produces almost no
runoff.
These are the advantages of each method.
Dewatered

e Lower transportation costs

e Handled with conventional municipal equipment

(front end loaders, dump trucks)
e Less storage capacity required at STP or application site

e More plant nutrients available
(a large precentage of the sludge nitrogen content
is lost during dewatering)

e No dewatering cost

® May be transferred using vehicle mounted pumps

e Less chance of odor problems

® Less labor required when subsurface injected
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Dual Utilization

‘The beginning of this section describes the relative simplicity of land
application as opposed to other management alternatives. In terms of the
regulatory and environmental constraints, however, land application may be
one of the more complex management alternatives,

One key regulatory constraint prohibits application of sludge to frozen or
snow-covered ground. In New York State, this effectively prohibits land
application for approximately four months of the year. During this time,
sludge must be alternatively managed. The possibilities are limited to
dual utilization or extensive storage facilities.

Dual utilization uses two different management options each fully
implemented on a part-time basis. The composting section of this report
briefly describes the City of Denver's dual utilization program
incorporating both composting and landspréading. Economic considerations
make land application the preferred option for Denver where winter
~conditions preclude landspreading but do not interfere with composting
activities.

The advisability of storing sludge for four months is questionable., Storage
is frequently done in connection with small facilities (less than one
million gallons per day) which often use drying beds as a drying and
stabilization process. Since freezing conditions preclude drying, sludge
must be stored in digestors or holding tanks during winter months.
Digestors frequently lack adequate capacity for storage, and operational
problems caused by solids backlogs may occur. Because storage capabilities
are marginal even at smaller facilities, to suggest a similar approach on a
regional or county-wide basis may be inappropriate. If a land application
option is chosen, a second major management alternative may be required for
approximately four months,

Sludge Storage With Dual Utilization

An appreciable amount of storage capacity must be provided to allow proper
management of any ‘land application program. Reasons for storage include
fluctuations in sludge production rates, adverse weather conditions,
equipment malfunctions, and agricultural cropping patterns or other site
_requirements. :

If sludge were to be stored at five percent solids, approximately 4,800
gallons of capacity would be required for each dry ton of sludge produced.
Using a factor of 0.5 dry tons produced for each one million gallons of
sewage flow treated, 2,400 gallons of storage capacity would be required
for each million gallons of sewage treated. Going one step further, 120
days per year (four months) storage would require 288,000 gallons per year
(38,500 cubic feet per year) for each million gallons per day of sewage
treated.
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Review of Recent USEPA-Sponsored-Studies

During the past 15 years, the US Environmental Protection Agency (USEPA)
has sponsored numerous studies and pilot projects on various aspects of
land application of sewage sludge.

One recent study entitled "Application of Municipal Sludge on Energy Crops:
A Feasibility Analysis" (EPA-600/2-83-095, September 1983), evaluated the
ugse of sludge on marginal land to produce a woody biomass. Essentially,
this involves adding sludge to soil on which is grown a crop used as an
energy source (for example, trees, or plants) which is digested to produce
biogas. While the study determined that such a program would not yield a
profit because planting, harvesting and other program activities roughly
equalled revenue from product sales, a credit from energy crop sales and
from not using more costly options reduced disposal costs by up to 50
percent compared with landfill or incineration alternatives.

These are the highlights of the summary and conclusions of the USEPA
report: ‘

1. Sludge disposal through a wood energy crop program costs significantly
less than other, more traditional, disposal alternatives, about 50 percent
lower than incineration or landfilling.

2. Where such programs can serve population centers of approximately two
million, production of electricity from the woody biomass becomes
economically feasible. :

3. Where the population center served approaches five million, ethanol
production from sludge-grown sugar crops becomes feasible.

4. Ethanol production from sludge-grown grain crops is not economical for
population centers less than 50 million.,

5. While more of a return results from using sludge to grow agricultural
crops rather than energy crops, energy crops minimize many of the risks
associated with agricultural use, such as heavy metals, toxics and other
public health considerations, In addition, the benefit or value to be
obtained from wood energy is more stable and predictable than that from
agricultural crops which are subject to varying weather conditions during
the growing season and fluctuating annual prices for farm products.

6. For populations of 50,000 to 200,000 the capital investment is
significantly lower for the energy crop method than for incineration. For
population centers larger than 200,000, the energy crop approach becomes
less attractive due to the costs involved in transporting by fixed
pipeline,
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7. Sizeable reductions in energy consumption are possible when an energy
crop program is favored over incineration or landfilling. Less fossil fuel
is consumed and a clean biomass fuel is produced.

8. When the biomass is used to produce electricity, as opposed to direct
use for process heat or other uses, the energy balance still favors the
energy crop approach.

9. Land requirements for implementing an energy crop approach are
relatively small, and marginal land may be used. Thus, such sludge
disposal would not encroach on land areas presently used or reserved for
agricultural purposes. ’

10. The environmental benefits of this approach are:

® 3 perpetually renewable energy source of low sulfur
content is generated which does not affect the carbon
dioxide balance in the atmosphere

® land used for such a program will increase in value by becoming
more fertile

® heavy metals and toxics problems are significantly reduced.

In the USEPA study, "Demonstration of Acceptable Systems for Land Disposal
of Sewage Sludge" (EPA - 600/2-85/062, May, 1985), by the Ohio Farm Bureau
Development Corporation, Columbus, Ohio, management systems are
demonstrated which would minimize the potential adverse impacts of land
application of sludge to farm lands and rural communities. Some highlights
of this study are: '

° The study involved a large number of farmers and sites so the general
public would not identify a particular farm or neighborhood as the sludge
disposal site.

® Public meetings and field days were held aand community leaders
consulted to make the public fully aware of the scope, objectives, and
safety of the program. The residents of Ohio supported the concept of
applying sludge to farm land as long as odor problems were minimized,
nuisance situations in transporting and handling the sludge were avoided,
and the metal content of the sludge was maintained at reasonable levels.

o. Sludge was applied at a rate to meet the nitrogen or phosphorus
requirements of crops. This method used the nutrients in the sludge
efficiently and minimized the potential for surface runoff and groundwater
pollution. The level of nutrients applied was comparable to fertilizer
applications on land not treated with sludge, thereby reducing the
possibility of damage from unwanted metals or organics. For these reasous,
the public approved the program.
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. A rapport developed between the people involved in spreading the
sludge and the farmers who received the sludge. This is of utmost
importance. A management program requires someone versed in agronomy to
serve as a liaison between farmers and the sludge generator. This
individual would discuss with the farmer the nutrient value of the specific
loads of sludge, present and discuss monitoring data on the heavy metal
content, and present a contract to farmers which would define the working
relationship between the farmer and sludge generator. In general, this
person would try to troubleshoot and maintain a good relationship between
farmers and sludge generators.

° Careful monitoring of the quality of the sludge- and care to produce a
well stabilized, odor free sludge are important management requirements,
Odors occur when sewage plants are functioning improperly. The disposal of
these sludges on land must not be considered a necessary emergency
procedure which the public. simply must accept. A plan for such situations
should be worked out ahead of time. At a minimum, odorous sludges should
be incorporated into the soil as they are applied to the land.

° Health risks were not significant when sludge was applied at low
rates, using the management systems in this study. The risks of
respiratory illness, digestive illness, Salmonellae, exposure to pathogenic
organisms or general symptoms were not significantly different between
sludge and control groups. Similarly there were no significant differences
in the health of domestic animals on sludge and control farms. Viral
infections among household members were observed. There was no significant
difference in frequency of viral infections between sludge and control
groups. The exposure of rural residents to sewage sludges did not
significantly affect their fecal cadmium levels.

.. An economic analysis of landspreading was completed. The analysis was
prepared in a computer format so the specific conditions of a given
community could be quickly evaluated.

® Laboratory studies tracked the effect of pH on the ability of plants
to extract harmful cadmium from soils to which sludge had been applied. The
movement of cadmium from sludge-treated soils into the food chain is a
concern, Cadmium will migrate when soil pH drops. If it is extractable
through plants, it will enter the food chain. The studies determined that
the extractability of cadmium in sludge soils increased dramatically as the
pH dropped below 6.0.
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Potential for Implementation of Land Application in the Seven County
‘Region

Approximately 35,000 dry tons per year of sludge and 10,000 dry tons of
septage are generated regionwide. Using a conservative application rate of
two dry tons per acre, less than 25,000 acres would be needed to land apply
the total amount of sludge and septage generated in the regionm.

Information supplied by the New York State Department of Agriculture and
Markets indicates that the region contains 462,900 acres of farmlaand, of
which 270,400 acres are actually crop and pasture lands as shown:

County Farmland (acres) : Crop/Pastureland(acres)
DUTCHESS 140,800 . | 78,400
ORANGE ‘ 131,100 . : 87,300
PUTNAM 11,100 ‘ 5,800
ROCKLAND 1,600 ' 1,200
SULLIVAN 78,000 39,000
ULSTER 89,600 53,300
WESTCHESTER 10,700 . 5,400
TOTAL: 462,900 acres 270,400 acres

Using the land requirement of two dry tons per acre, less than 10 percent
of the available cropland would be used in a program that would land apply
the total sludge and septage generated in the region.

Section 4 discusses regulatory constraints for land application programs.
Sludge rated "C"™ is prohibited from land application or compost
utilization, "D'"-rated sludge may be used at '"dedicated" sites only (not
cropland), and only "A"-rated sludge is acceptable for application to
cropland.

In general, sludge quality information provided to EFC by the seven
counties was insufficient to adequately characterize sludge quality with
confidence. Sludge generators with an apparent contamination problem have
sampled extensively to verify and determine the level of contamination.
Many treatment plants have no data on sludge quality and others have one or
two analyses only. The "A"-rated and unrated quantities of sludge shown in
Table 24 may be amenable to land application. The quality of the sludge
would have to be ascertained prior to using it for landspreading.
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TABLE 24

SLUDGE AVAILABLE FOR LAND APPLICATION

IlAll .

Rated Unrated Total

Sludge No. of Sludge No. of - Total No. of
County (Tons¥*) STPs (Tons) . STPs Tons STPs
DUTCHESS 1,670.9 6 1,431.6 9 3,102.5 15
ORANGE 749.5 7 3,072.7 30 3,822,237
PUTNAM 37.5 1 104.7 25 142.2 26
ROCKLAND 0 0 579.7 3 579.7 3
SULLIVAN 25.0 1 1,421.6 17 1,466.6 18
ULSTER 644.,0 3 637.3 11 1,281.3 14
WESTCHESTER 3,469,0 4 3,964,7 8 7,433.7 12
TOTAL 6,595.9 22 11,212.3 103 17,828.2 125

tons - tons ’ ‘ tons

* Dry Tons
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No quality data whatsoever is available from the counties or other sources
on the 10,592 dry tons per year of septage generated in the Hudson Valley.
USEPA studies of septage indicate that mean values of contaminents fall
below EPA regulatory limits (see Table 25)., It is probable, therefore,
that contaminants in septage generated in the seven counties are also
within regulatory standards. :

The total quantities of both sludge and septage available for land
application as well as acreage requirements are shown in Table 26. EFC is
assuming that the "unrated" sludge and septage would qualify for land
application, A land application program, however, requires a commitment of
capital and other resources and should not be undertaken with the current
data which is incomplete.

Using the data in Table 24, it does not appear that a land application
program would yield benefits commensurate with the costs of implementing it
because: '

1. "A"~rated sludge accounts for only 15 percent of the total sludge and
septage wastestream, hardly enough to be used as a major part of a regional
solution.

2, Approximately half the "A" rated sludge is located in Westchester
County. Westchester appears to have limited sites suitable for land
application and is not centrally located in the region., Also, it may be
politically difficult to site a land application program where 50 percent
of the total waste stream will originate from one county and only about 10

percent, or less, will originate in the county in which the site is

located.

If the total quantity shown in Table 26, 28,420 dry tons, is available (63
percent of the wastestream), this option becomes more attractive because an
economy of scale can be achieved and a significant amount of the waste
stream will be managed.

It appears that land application may be viable in all counties except
Rockland and Westchester where the ratio of land available to sludge
generated makes this option appear inappropriate.

On a regional basis, this option would need only slightly more than five
percent of the total cropland available. It should be emphasized that
EFC's recommendation is to land apply only clean sludge for its nutrient
value, EFC does not propose that cropland be sacrificed for use as a
disposal site, Land application on c¢ropland, where appropriate, should not
create a conflict between the goals of disposal and agricultural use.

For illustrative purposes, in a scenario where all sludge and septage
generated in the region (approximately 45,000 dry tons per year) could
qualify for land application, 22,500 acres would be required at a loading
rate of two dry tons per acre. This option requires that approximately 10
percent of the cropland in the region be used for land application. While
this option would never be used for the region's entire sludge and septage
generation, this approach illustrates that large quantities of material
may, with effective project management, be beneficially recycled using a
small proportion of available cropland,
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TABLE 26

ACREAGE REQUIREMENTS FOR LAND APPLICATION

"A" RATED
and
UNRATED
SLUDGE SEPTAGE TOTAL = CROPLAND ACREAGE 2
COUNTY Dry Touns Dry Tons Dry Tons (Acres) REQUIRED- %
DUTCHESS 3,103 4,321 7,424 78,400 3,712 4.7
ORANGE 3,822 1,768 5,590 87,300 2,795 3.2
PUTNAM 142 0 142 5,800 713 1.2
ROCKLAND 580 1,894 2,474 1,200 1,237 103.0
SULLIVAN 1,467 581 2,047 39,000 1,024 2.6
ULSTER 1,281 446 1,727 53,300 ~ Bé64 1.6
WESTCHESTER 7,434 1,582 9,016 5,400 4,508 83.5
TOTAL 17,829 10,592 28,420 270,400 14,211 5.3%
Tons Tons Tons Acres Acres
1. Acreage required at a loading rate of two dry tons per acre

2. Acreage required as a percent of total cropland in respective county

3. Figures for Putnam County are deflated due to inaccuracies
' in septage reporting. :
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Recommendations  for All Counties

1. ‘Initiate a six-month sampling-and analysis:program, in accordance with
NYSDEC guidelines, .to adequately characterize:sludge quality.at sites where
- such data is-currently lacking: or inconclusive. -

2. . Discuss with NYSDEC officials the advisability of conducting a
-. gampling -and analysis -program for domestic septage.

3. Develop appropriate siting:criteria-and evaluate specific sites within
the regien to- implement. a sound: management -approach for a land application
- project.. Municipalities should be actively involved during the criteria
development -stage. '

4, Where sludge is-determined to:be "contaminated", an-evaluation of the
.'causes should be made. The cost- efficiency:of addressing the contamination
- problem ‘at the source:versus treating a contaminated sludge should also be
evaluated.

- 5. Develop a detailed:cost estimate: for each generation-and:disposal site
- -being -considered: for development.

~ 6., Consider canvassing the-region for potential "dedicated" sites-that
- .could-be-used for disposal of "D"-rated sludges.
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OCEAN DISPOSAL

Introduction

Ocean disposal of municipal sludge is accomplished by releasing it into
designated areas of the ocean, either from vessels or through outfall
pipes. Pipe discharge of sludge is presently not allowed under the federal
Clean Water Act and is being phased out. Ocean disposal for communities
near the sea has been a relatively low cost disposal altermative,

The federal Marine Protection, Research, and Sanctuaries Act of 1972, which
regulates ocean disposal, authorized the United States Environmental
Protection Agency to select appropriate ocean disposal sites. Prior to
1981, the New York Bight (12 mile site) was designated. USEPA has
permitted dumping at this site since 1981 only with the approval of federal
district court. All ocean dumpers are on a phased program to move to
a replacement site, known as the 106 mile site, located off the Outer
Continental Shelf, 125 miles southeast of the entrance to New York Harbor
and 132 miles off Atlantic City, New Jersey. Users must send all their
waste to the 106 mile site by 1991.

Site designation is based on proximity to beaches and the effect of
disposal on the marine environment., Permits for sludge disposal are based
on the volume and characteristics of the sludge and the availability and
effect of alternative disposal methods. A permit to ocean dispose of
sludge is granted only 1if the applicant can clearly demonstrate that no
practicable alternative is available which has less impact on the total
environment.

USEPA selected the 106 mile site over the closer 12 mile site for several
reasons. Its primary concern was the degradation of the water quality of
the New York Bight (the section of the Atlantic Ocean within the bend of
the coastline between Long Island and New Jersey). Although sludge
disposal is not the only cause of the degraded condition of this area, it
is a contributor to the problem which, USEPA determined, can be alleviated
by moving the disposal site.

Process

‘Barging municipal sludge to an ocean disposal site is relatively simple,
accomplished by self-propelled sludge vessels or by sludge barges towed to
sea by tug boats. The sludge is then either pumped or released by gravity
at the disposal site. 1Initial dispersal of the waste is aided by
turbulence in the wake of the vessel. Volatile hydrocarbons evaporate into
the atmosphere, while grease, oil and scum remain on the water surface -and
may be transportated long distances by winds and currents. The remaining
solids either settle to the ocean floor or are retained in clouds dispersed
at various depths. Many contaminants are contained within fine particles
and can accumulate below the ocean's surface, exposing the organisms in the
area to contamination,
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There is greater potential for dispersion of solids at the 106 mile site
than at the 12 mile site. Although the 106 mile site has a permanent
density stratification at about 650 feet, other hydrographic features
increase dispersion and the transportation of materials out of the disposal
area. These features include prevailing currents and large eddies that
break off from the Gulf Stream and traverse the site about 70 days per
year. The 106 mile site has been used for the disposal of various
materials since 1961. USEPA has not detected any long term adverse
ecological effects from these activities to date.

Safety and Health Considerations.

Hazards to public health from ocean disposal include bacterial
contamination of recreational areas or ingestion of contaminated shellfish,

Major concerns connected with ocean disposal include the accumulation of
heavy metals and synthetic hydrocarbons in marine organisms, increased
levels of pathogenic organisms, decreased dissolved oxygen levels,
increased turbidity levels, and adverse effects to water quality, bottom
sediments and marine organisms,

Additional Comsiderations

USEPA designated the 106 mile site in 1985, anticipating an end to ocean
dumping in five years. This position seriously affects the viability of
ocean disposal as a long term sludge management alternative.

The increased round trip travel time to the 106 mile site, estimated to be
26 to 30 hours from Northeast coastal cities, may mean that additional
sludge storage facilities are needed. Adequate storage must be provided
for times when dumping cannot be accomplished due to adverse weather
conditions or other causes such as equipment malfunctions. Municipalities
will have to redesign or modify ocean-going barges or vessels and dock
facilities or else contract for barging services.

Case Studies of Ocean Dispesal

A comparison of the cost for Boston, New York City and Westchester to
dispose in the ocean is given in Table 27. Case studies for the three
municipalities are also provided following the table.

The ocean disposal alternative is least favored by USEPA. The permitting
process is difficult and costly to a municipality. Although it is still
possible to apply for an interim three year permit, there is no assurance
that the currently designated 106 mile site will continue to operate after
the present five year authorization. It would be prudent for any
munic ipality applying for a new ocean dumping permit to have plans in place
for land based alternatives, as not only would USEPA expect them in order
to consider the temporary application, but the eventuality of closure of
the 106 mile site would make such precaution mandatory.
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TABLE 27

COMPARISON OF COSTS TO USE OCEAN DUMPING AT THE 106 MILE SITE
FOR BOSTON, NEW YORK CITY AND WESTCHESTER

Item Boston2 EZES Westchester4
Sludge Volume 1, 29.3 million 99.4 million 15 million
cu. ft./year
Sludge quantity, 2,504 8,493 1,282
wet tons/day
Dry tons/day, 75 255 39
at 3 percent solids
Cost of Hauling
$/per cu. ft, $ 0.57 $ 0.13 $ 0.1025
$/wet ton $ 18.23 $ 4.17 $ 3.27
$/dry ton $607 $138 $109
Distaance hauled, 275 106 120

miles (one way)
Notes:
1. Calculated on the basis of sludge at three percent solids
2. Proposed tug/barge combination, 4,000 to 8,000 long tons (2,240 lbs.).
Contract period: January 1988 to January 1991, Current Status: USEPA
permit application withdrawn.
3. Tug/barge combination, 15,000 tons. Began operation at 10 percent of
total sludge output in May 1986. Balance of output to be transferred by
January 1988. :
4, Tug/barge combination, 15,000 tons. Began at 100 percent of output

(except for incinerated portion). Two year contract period, after which
costs may change.
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CASE STUDY -~ NEW YORK CITY

LOCATION: New York, New York
OPERATOR: NYC Department of Environmental Protectiocn

Municipal Building
New York, New York 10007

PROPOSED DISPOSAL METHOD: Ocean disposal of digested vﬁunicipal sludge at
the federally-approved 106 mile site. Now using 12 mile site with federal
district court approval.

QUANTITY TO BE DUMPED: 3.1 million wet tons per year, equivalent to
approximately 255 dry tons per day at three percent solids. Amouat to
increase upon completion of North River and Red Hook facilities.

DISTANCE TRAVELED: The approximate distance is 106 nautical miles one
way.

HAULING FACILTY: Tug/barge combination; tugs to be under contract;
barges under construction by NYC (approximately 15,000 tons capacity).

COST OF OPERATION: As yet undetermined, subject to evaluation of bids.
Early estimates indicate approximate cost of $250 per dry ton.

PROPOSED PERIOD OF OPERATION: Ten percent of output shifted from 12 mile
site 1in April, 1986. Balance of hauling to the 106 mile site to be
completed by January 1988, and is to continue until 1991.

DISCUSSION: Originally mandated by an Act of Congress to cease all ocean
dumping by December 1981, NYC got relief in Federal District Court which
eventually resulted in the present plan to shift the dumping location to
the 106 mile site. However, this arrangement may itself conclude in 1991
when the 106 mile site will be reevaluated by USEPA. NYC is joined in this
action by nearby New Jersey localities and Westchester and Nassau counties,
which together accounted for 8.3 million wet tons of sludge during 1983,

The program is proceeding as follows, The existing self-propelled fleet of
motorized sludge vessels started hauling to the 106 mile site in April,
1986. Meanwhile, contracts are to be let for comstruction of 15,000 ton
barges, which will be used by contractors. The initial startup has been
delayed because of personnel problems.

Bids for the vessels have been received, and came in below engineering
estimates., More specific information will be available after the contract
is awarded., The existing self-propelled fleet will be used to trausfer
sludge within the harbor to ocean-going barges.

It is apparent that Westchester County's low cost of approximately $107 per
wet ton is not likely to be duplicated by NYC, as the need for inner-harbor
transport and sludge handling adds considerably to the total cost., However,
this may be somewhat offset by the use of the City's own barge fleet,

rather than contracted facilities as are being employed by Westchester.
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CONCLUSIONS: NYC is proceeding with a practical plan, rather than relying
solely on litigation with the USEPA, as it has been doing until recently.
It is still not entirely clear whether the City will eventually have to
return to the land-based options that were espoused in the sludge
management plan prepared by Camp Dresser and McKee in response to the
December 1981 federal order, should public pressure result in the closing
of the 106 mile site after 1991, 1If this be the case, land based
technologies will be the only course of action for all municipalities in
this region. '
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CASE STUDY: BOSTON

LOCATION: Boston, Massachusetts

OPERATOR: Massachusetts Water Resources Authority (MWRA)
One Center Plaza
Boston, Massachusetts 02108

PROPOSED DISPOSAL METHOD: Ocean disposal of digested sludge at federally

approved 106 mile site.

QUANTITY TO BE DUMPED: 600,000 gallons per day .of approximately three
percent sludge, equivalent to 75 dry tons per day of primary digested
sludge, originating from 435 million gallons per day of sewage from the
Boston metropolitan area.

DISTANCE TRAVELED: 275 nautical miles, one-way, 100 to 200 trips per
year.

HAULING FACILITY: Tug/barge combination, 1.1 to 2.1 million galloms
capacity (4,000 to 8,000 tons).

COST OF OPERATION: §$50 million over the three year permit period,
equivalent to $607 per dry ton of sludge, or $6.50 per year per resident
(on the basis of cost per wet ton, figured at 70 dry tons per day, three
percent solids, approximately $19 per wet ton).

PROPOSED PERIOD OF OPERATION: Three years (January 1988 to January
1991). '

DISCUSSION: Boston applied for an ocean dumping permit in 1985 to
satisfy a court order mandating it to stop polluting Boston Harbor with
digested primary sludge discharges. The MWRA proposed to use a tug/barge
combination over the 275 mile distance to the 106 mile site to dispose of
approximately 900,000 wet tons of sludge per year. Barging was scheduled
to begin in January 1988 and conclude in January 1991, approximately when
the 106 mile site will be reviewed for redesignation by the USEPA. The
Boston long range, land-based disposal facility is supposed to be operating
in 1991, so MWRA needed only a three year special permit.

Originally the cost to Boston of disposal was estimted at $19 per wet tom
over a six year period (including lead time) representing about $.17 per
1,000 gallons of sewage, or $6.50 per capita per year. The $19 appears
exorbitant compared to Westchester's quote of $3.20 per wet ton, but it

‘'should be kept in mind that the increased hauling distance (275 miles
-compared to 106 miles for Westchester) more than doubles hauling costs.

Also to be considered is the need for special docking facilities at Deer
and Nut islands at a cost of more than $12 million.
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USEPA Region II rejected Boston's application as incomplete, The
City was supposed to have resubmitted its application, but recently
notified USEPA that it would not resubmit the permit request.

The Boston MWRA problem parallels the seven-county situation in several
ways:

1, Both are subject to regulatory constraints calling for
sludge disposal within the near future with environmental
controls that make for difficult and expensive choices.

2, Both are near enough to the 106 mile site to be a viable option,

3. Both are disposing of sludge in small enough quantities to make
an application acceptable to USEPA on a quantitative basis.

4, Both can incorporate facilities, such as dewatering, which will
make ocean disposal more economical. This will allow the future
use of these facilities land based options, as they can be
incorporated in the process chain.

NOTE: 1986 amendments to the federal Clean Water Act prohibit Boston
from dumping at the 106 mile site,
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CASE STUDY: WESTCHESTER

LOCATION: Westchester County
OPERATOR: Westchester County Department of Environmental Faclilities
PROPOSED DISPQOSAL METHOD: Ocean disposal of digested sludge at

federally-approved 106 mile site.

QUANTITY TO BE DUMPED: 30 million cubic feet at approxmately three
percent solids over two year contract period. :

DISTANCE TRAVELED: The barge haul distance is 106 nautical miles, one
way. ‘

HAULING FACILITY: Tug/barge combination, sizes up to 15,000 tons
capacity. Contracted with Offshore Transport Corporation, Bayonne, New
Jersey.

COST OF OPERATION: The cost of $0.1025 per cubic feet or $109 per dry
ton of solids is projected.

PROPOSED PERIOD OF OPERATION: The present two year contract for sludge
barging starts in April, 1986. Westchester County intends to continue with
ocean disposal at the 106 mile site for the five year period through 1991.

OTHER SLUDGE DISPOSAL METHODS: The County now employs conventional
sludge incineration at Ossining and New Rochelle and plans to install a
fluidized bed "incineration facility at Port Chester.

DISCUSSION: The County has no present planms to improve docking
facilities at Yonkers, or to dewater sludges in light of the favorable
contract price and possible eventual abandonment of the ocean. There is
presently no land based alternative planned for the Yonkers facility.
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THERMAL. REDUCTION

Introduction

Thermal reduction has been used to treat sludge since the early 1900s.
Thermal reduction uses high temperature processes to destroy pathogens and
reduce the quantities of sludge requiring disposal. Thermal reduction
processes may be divided into incineration and pyrolysis. Heat treatment
is generally provided as a pre-treatment process prior to thermal
reduction.

Incineration

Incineration is the most common of thermal reduction processes. It is the
actual burning of sludge. This combustion process converts organic solids
to carbon dioxide and water vapor, while reducing the inorganics to an ash.
The types of incinerators generally in use today are multiple hearth,
fluidized bed, rotary kiln and cyclonic.

AY

Multiple Hearth Furnace

The mutiple hearth furnace is the most common method of incineration
practiced in the United States today. It is fairly simple in operation,
reliable, and can handle fluctuating sludge materials and loadings. A
section through a multiple hearth furnace (MHF) is illustrated in Figure 5.

The MHF consists of a tall cylindrical combustion chamber with several
‘circular hearths stacked one above the other. A centrally located cast
iron shaft runs the full height of the furnace and supports two or four
cantilevered rabble arms above each hearth. Each arm contains several
rabble teeth that rake sludge spirally across the hearth, below the arms,
as the arms rotate with the central shaft. Sewage sludge is fed at the
periphery of the top hearth and then raked by rabble teeth toward the
center to an opening through which it falls to the next hearth. Here the
sludge is rabbled outward to the periphery and so on alternately down the
furnace. Sludge and gas streams move countercurrent to one another, sludge
passing down through the furnace and eventually becoming ash, and
combustion air moving upward over each hearth and exiting as flue gas at
the top hearth. Upper hearths are used for vaporization of moisture and
cooling of the exhaust gases. Volatile gas and solids are burned in the
intermediate hearths, while the lower hearths are used for combustion of
slow burning compounds and cooling of the ash. Incineration temperatures
for mul.tlple h%arth systems range from 1, 000 F. on the top hearths to
i, 600°F. to 1 ,800 F. on the middle hearths to 600 F. at the bottom.

Sludge to be burned in the MHF must contain a minimum of 15 percent solids
due to the evaporation capacity of the furnace. Generally, wet scrubbers
and afterburners must be employed to meet required emission standards and
eliminate odors.
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FIGURE 5
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As with all heat reduction systems, a considerable amount of ancillary
equipment is required (see Figure 6).

Fluidized Bed Incinerator

The fluidized bed incinerator consists of a bed of sand into which sludge
is introduced as shown in Figure 7. Air is blown into the area below the
sand bed to fluidize the sand and sludge mixture. The combustion of sludge
takes place in this expanded sand and sludge bed, The fluidizedobed furnace
operates at temperatures between 1,300 F. and 1,500 F. These
temperatures incite the sand into a violent boiling action, thereby
requiring no other mixing devices. The entering sludge dries and burns
rapidly in this atmosphere. Most of the ash exits from the furnace in the
exhaust gas. Like the MHF, fluidized bed furnaces require a substantial
amount of ancillary equipment including wet scrubbers (see Figure 8). One
major advantage of the fluidized bed furnace is that there are no moving
parts. '

Rotary Kiln Furnace

The rotary kilan furnace is not widely used for sludge incineration. It
operates similarly to the multiple hearth in that sludge is dried in the
upper area and burned in the lower region. Like the flash dryer, it has
been used most widely for sludge dryinmg but also has been applied to
combustion of sludge with refuse. Operation of a rotary kiln dryer is
described later on in this section.
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FIGURE 6
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FIGURE 7
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SOURCEV: Los Angeles County/Orange County Sludge Processing and Disposal,

April 1977, p. 7-5
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Co-incineration of Sewage Sludge and Municipal Refuse

To achieve co-incineration, municipal solid waste and sludge are burned by
a mutually compatible process. Only one co-incineration facility exists in
New York, at Glen Cove, Long Island, It is a mass burn furnace in which
sludge 1s mixed with municipal solid waste in a ratio of approxmately l to
7.

Technology for the express purpose of combined incineration of sewage
sludge and municipal refuse is still evolving. There are presently four
different approaches to co-incineratiom:

| combustion of dewatered sludge in a refuse incinerator

2. combustion of pre~dried sludge in a refuse incinerator

3. use of refuse derived fuel in a multiple-hearth sludge incinerator

4. use of refuse derived fuel in a fluidized bed sludge incinerator.

All the major techniques for combined incineration have been tried in the
U.S5. and have experienced problems. Over the past 30 years, 23 facilities
in the U.S. have co-incinerated refuse and sewage sludge. Only one
facility is currently operating on a regular commercial basis, 18 have shut
down, and the remaining four have reverted to single purpose incineration.
Six co-incineration facilities were being planned during the mid 1970s. Of
these, only one is operating. One is still being considered, but plans for
the remaining four facilities have been dropped.

A variety of operation and maintenance problems have plagued virtually
every co-incineration facility in the U.S. It has proved difficult to
maintain combustion in refuse incinerators when partially dewatered sludge
is added, Although thermal dryiang of the sludge mitigates
combustion-related problems, the dryers themselves are subject to plugging,
corrosion, and odors, as well as fire and explosion. Technical obstacles
to burning refuse-derived fuel in counventional multiple-hearth or fluidized
bed sewage sludge incinerators include ensuring the reliability of refuse
preparation systems and controlling combustion.

Planning and implementing new co~incineration projects in the U.S. is often
hampered by institutional differences among groups responsible for
disposing of sludge and of refuse. Whereas management authority for sludge
is vested in centralized public bodies, the collection, transportiom, and
disposal of municipal refuse is usually managed by a combinaton of
decentralized public and private bodies. These institutional differences
hinder the integration in municipal waste management programs necessary for
the implementation of co-incineration facilities. Moreover, the criteria
employed in siting a sludge treatment and disposal plant are essentially
different from those used in locating a refuse incinerator,
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Very little data 1is available on particulate emissions from combined
incineration of sewage sludge and municipal refuse. Operating a
multiple-hearth unit in a pyrolysis (starved air) mode does not appear to
offer any significant reduction of uncontrolled emissions when prepared
municipal refuse is used for fuel. It is doubtful that all the various
approaches to coincineration will have similar emission characteristics,
although this is a topic deserving further investigation.

Despite the general lack of technical success with co-incineration
projects, the costs of combined incineration of sewage sludge and municipal
refuse are still attractive when compared to the costs of burning these
wastes separately. Co-incineration is also attractive from the standpoint
of energy conservation. Thus, the incentives to co—-incinerate are clear,
yet until the various technical problems and uncertainties are overcome,
little growth in the use of co-incineration can be expected over the next
five years.

Incineration of Dewatered Sludge in a Conventional Refuse Incinerator

The oldest, simplest, and most direct method of achieving combined
incineration is to burn partially dewatered sludge (i.e., 70 to 80 percent
moisture content) in a conventional municipal refuse incinerator, depicted
in Figure 9. The sludge can be fed separately into the furnace by either
spraying it into the combustion chamber or by dumping it onto the grate.
Alternatively, the sludge can be mixed with the refuse prior to entering
the incinerator.

Although mass burning has the advantage of simplicity, it has not proved
very successful., The major problem encountered with this technique relates
to combustion. Conventional incinerators usually provide insufficient time
for the sludge to burn completely. In addition, too little heat is
generated from the burning refuse to evaporate the moisture and combust the
sludge. These problems are compounded by difficulties in distributing the
sludge evenly within the furmace. For the most part, co-incineration
through mass burning has proved unsuccessful both in this country and in
Europe, although two future projects in the U.S. are expected to use it,

Co-incineration of Pre-dried Sludge in a Conventional Refuse Incinerator

As a means of overcoming the problems associated with burning sludge
directly in a refuse incinerator, a number of facilities have installed
systems to dry sludge to less than 20 percent moisture content before it
enters the furnace. A wide variety of differemt drying systems have been
employed., Direct contact dryers, heated by flue gas, steam—heated rotary
dryers, flash evaporaters, spray dryers, and multi-effect evaporators have
all been used in the past. Dried sludge is then mixed with the refuse at a
ratio of approximately 10 parts refuse to one part sludge and fed into the
incinerator.
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FIGURE 9

CODISPOSAL SYSTEM

PROCESS SCHEMATIC & MATERIALS’ BALANCE

BRS — Bulky Refuse Shear
DRS — Double Redprocating Stoker

ESP  — Electrostatic Precipitator
FC — Flyash Conveyor
IDF - Induced Draft Fan

MBF — Mass Buming 